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The study examines sediments of the Productive Series from the western South 
Caspian Basin. The main goal of this work is to reconstract provenance of the 
sediments and its relation to the climatic variability during the deposition of the 
Productive Series. The Productive Series is divided into a lower and upper division. 
The Russian Platform was the main sediment source area for the Lower Division. 
Three different sediment source areas were determined for the Upper Division: the 
Russian Platform was sediment source area for the Absheron Peninsula; the Greater 
Caucasus was the main sediment source area for the South Absheron Offshore Zone 
and the Lesser Caucasus was the main sediment source area for the Baku 
Archipelago. The sediments of the Lower Division have variable smectite and illite 
concentrations which indicate climate change between humid and arid conditions in the 
Russian Platform. The Upper Division of the Productive Series from the Absheron 
Peninsula is characterised by high amounts of illite. It suggests physical weathering 
under arid climatic condition on the Russian Platform at the time of deposition. 
Variation of the smectite and illite assemblages of the Upper Division from the South 
Absheron Offshore Zone probably indicate that the climate alternated between humid 
and arid conditions in the Greater Caucasus. The low amount of the TOC ratios in the 
Productive Series are associated with arid climatic condition in the Russian Platform 
and the Greater Caucasus. The much higher TOC/TN ratios (>35) indicate that 
sediments of the Productive Series were impacted by oil. However the low TOC/TN 
ratios (<12) in some intervals of the Productive Series suggest an aquatic source for an 
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The South Caspian Basin is located offshore Azerbaijan and is the oldest oil 
producing region in the world. The sediments of the South Caspian Basin have a total 
thickness of approximately 20 km. The oil and gas bearing Productive Series is part of 
the Pliocene sequence and has a thickness of >5000 m. The Productive Series is 
divided into a lower and upper division. According to its lithological composition, the 
Productive Series has been subdivided into nine stratigraphic units. The Lower Division 
consists of Kala Suite, Pre Kirmaky Suite, Kirmaky Suite, Post Kirmaky Sand Suite, 
Post Kirmaky Clay Suite. The Upper Division consists of Fasila Suite, Balakhany Suite, 
Sabunchy Suite, Surakhany Suite. The base of the Lower Division has an age 5.5 Ma, 
and its top can be dated to 5.2 Ma. The Upper Division comprises the time interval 5.2-
3.4 Ma. The scope of the study was to learn whether the clay mineral composition 
varies with stratigraphy and whether it can be used to reconstruct the provenance of 
the sediments and the palaeoclimatic conditions in the adjacent hinterland. Additionally, 
the whole rock mineralogy and the content of carbon and nitrogen was investigated to 
identify the source areas of the sediments and the biogeochemical conditions. For this 
work, 322 samples were collected from the Productive Series of the onshore and 
offshore of the western South Caspian Sea with Absheron Peninsula, Absheron 
Archipelago, South Absheron Offshore Zone and Baku Archipelago.  
Based on clay mineral composition different sediment source areas were 
determined for the Productive Series. The Russian Platform, drained by the Palaeo-
Volgo River, was the main sediment source area for the Lower Division of the 
Productive Series in the research area. In contrast, three different sediment source 
areas were determined for the Upper Division of the research areas: the Russian 




has been drained by the Palaeo-Volga River; the Greater Caucasus was the sediment 
source area for the South Absheron Offshore Zone and has been drained by the 
Palaeo-Samur River; the Lesser Caucasus was the main sediment source area for the 
Baku Archipelago and has been drained by the Palaeo-Kura River. 
Variations of the smectite and illite contents in the Lower Division of the 
Productive Series suggest that two different climatic conditions alternated on the 
Russian Platform. High amounts of illite combined with low amounts of smectite 
indicate arid climatic condition. In contrast, high amounts of smectite with low amounts 
of illite suggest humid climatic condition on the Russian Platform. Similarly, variable 
smectite and illite contents in the Upper Division of the Productive Series in the South 
Absheron Offshore Zone imply a climate alternating between arid and humid in the 
Greater Caucasus. High amounts of illite and low amounts of smectite suggest an arid 
climate whereas high amounts of smectie and low amounts of illite indicate a humid 
climate.  
The climatic condition in the adjacent hinterland influence to biogeochemistry 
condition in the Productive Series sediments. The low TOC/TN ratios (<12) in the 
Productive Series might be associated with arid climatic condition in the Russian 
Platform and the Greater Caucasus. The much higher TOC/TN ratios(>35) ratios in 







The Caspian Sea is located in south central Eurasia, between Iran, Azerbaijan, 
Russia, Kazakhstan and Turkmenistan (Fig.1.1). It is the world’s largest lake with a 
total area of 375.000 km2, a north-south extension of 1174 km and an average width of 
326 km. The Caspian Sea was a part of the Tethys between the Euro-Asian, Indian 
and Afro-Arabian plates. The Black Sea and the Caspian Sea as part of Eastern 
Paratethys are believed to have separated in Late Miocene time (Zubakov and 
Borzenkova, 1990). 
 
Fig. 1.1. A-Political map of the larger Caspian Sea area, B- Location map of the 





The South Caspian Basin comprises the southern part of the Caspian Sea, 
south of ca. 40° N. It is characterised by shallow water in the east and deep water in 
the west (Buryakovsky et al., 2001). 
The South Caspian Basin is located offshore Azerbaijan and is the oldest oil 
producing region in the world (Abrams and Narimanov, 1997). In 1848, the first oil well 
in the world was drilled in the Bibi-Eibat field on the Absheron Peninsula. The first 
offshore oil well of Azerbaijan was drilled at the end of the 19th century and at the 
beginning of the 20th century (Narimanov and Palaz, 1995). At present, intensive oil 
and gas exploration is carried out in the offshore areas of Azerbaijan. The main goal of 
exploration in the Azerbaijan part of the Caspian Sea (Absheron Peninsula, Absheron 
Archipelago, South Absheron Offshore Zone and Baku Archipelago, Fig. 1.2 ) is to 
discover oil and gas fields within the non-marine clastic sedimentary sequence in the 
Lower Division and Upper Division of the Pliocene Productive Series (Fig. 1.3).  
 
Fig. 1.2. Location map of the research area with the main oil fields and its subdivision 





Exploration drilling in the Caspian Sea happens in water depths of ca. 200 m. The 
deepest well was drilled to a depth of 6500 m. The Productive Series is the main 
reservoir unit in the South Caspian Basin. Recent exploration concentrates on more 
than 10 structures (Fig. 1.2).  
Absheron Peninsula is an important oil region in the onshore area of 
Azerbaijan. Most of the onshore oil fields occur in the central part of the peninsula. 
Both the Lower and the Upper Division of the Productive Series crop out in the Kirmaky 
Valley and Yasamal Valley (Fig. 1.2; Buryakovsky et al., 2001).  
 
 




Large offshore oil and gas fields of Azerbaijan are located in the Absheron 
Archipelago (Fig. 1.2). The Lower Division of the Productive Series (Pre Kirmaky and 
Kirmaky Suites) is the most productive sequence in the region (Buryakovsky et al., 
2001).  
In the Absheron Offshore Zone, 120 exploration and development wells were 
drilled in Bahar field (Fig. 1.2). Balakhany Suite of the Upper Division is the most 
productive sequence for Bahar field (Buryakovsky et al., 2001). The exploration work of 
the Baku Archipelago began in 1930. Nowadays, Duvany Deniz, Khara Zira and Bulla 
Deniz area perspective oil gas filed in the region. The main oil reservoir is the Fasila 
Suite.  
The aim of this study is to investigate the fine-grained sediments of the 
Productive Series from the western flank of the South Caspian Basin for their clay 
mineral composition in order to quantify the major clay mineral groups of smectite, illite, 
chlorite and kaolinite by the X-ray diffraction method (XRD). Of special interest is to 
learn whether the clay mineral composition varies with stratigraphy and whether it can 
be used to reconstruct the provenance of the sediments and/or the palaeoclimatic 
conditions in the hinterland. The study may also give information on the preservation of 
clay minerals at greater depth in the oil and gas fields, which may have implications for 
the reservoir geology. In addition to the clay mineral study, the bulk mineralogy and the 
content of carbon and nitrogen was investigated to help identify the source areas of the 
sediments and biogeochemical changes. 
The project research area is the western flank of the South Caspian Basin         
(Fig. 1.2) with Absheron Peninsula (Kirmaky Valley and Yasamal Valley), Absheron 
Archipelago (Western Absheron field), South Absheron Offshore Zone (Bahar field and 
Shah-Deniz field) and Baku Archipelago (fields 8 March, Umud, Xara-Zira, Duvany 




1.1 Lithostratigraphic framework 
 
The sediments of the South Caspian Basin have a total thickness of 
approximately 20 km (Mangino and Priestley, 1998). The oil and gas bearing 
Productive Series (PS) is part of the Pliocene sequence and has a thickness of >5000 
m (Abrams and Narimanov; 1997). Based on the microfauna composition, the PS is 
divided into a Lower and Upper division (Fig. 1.3). According to its lithological 
composition, the PS has been subdivided into nine stratigraphic units (Reynolds et al., 
1998). The Lower Division consists of Kala Suite, Pre Kirmaky Suite, Kirmaky Suite, 
Post Kirmaky Sand Suite and Post Kirmaky Clay Suite. The Upper Division comprises 
Fasila Suite, Balakhany Suite, Sabunchy Suite and Surakhany Suite. Balakhany Suite 
can further be subdivided into six sub-suites (Fig. 1.3). In general, the series is built-up 
by alternating sandstone-siltstone-shale layers (Hinds et al., 2004; Reynolds et al., 
1998). 
The Kala Suite (Fig. 1.4) on the Absheron Peninsula and Absheron Archipelago 
comprises sandstones, siltstones, shales, chlidolites (unsorted sediment consisting of 
equal amounts of quartz grains, feldspars grains and various rock fragments) and sand 
loam. Based on seismic data the thickness of the Kala Suite reaches at least 350 m 
near the Guneshli field (Fig. 1.2) in the northern part of the Absheron Archipelago 
(Narimanov et al., 1998). In the Baku Archipelago, the suite consists of shales with 
interbeds of sandstones and siltstones (Buryakovsky et al., 2001).  
The Pre Kirmaky Suite (Fig. 1.4) on Absheron Peninsula and Absheron 
Archipelago is built-up by sands, sandstones, siltstones and shale. The Pre Kirmaky 
Suite is only poorly exposed on Absheron Peninsula. Its thickness is locally over 150 m 





Fig. 1.4. Simplified lithological column of the Productive Series on the Absheron 





Bahar field. In the Baku Archipelago sandstones dominate the suite (Narimanov et al., 
1998).  
The Post Kirmaky Sand Suite (Fig. 1.4) consists of sandstones with minor 
interbeds of shale. On Absheron Peninsula the thickness of the suite is 35-40 m, in 
Bahar field it increases to 60-70 m, with 60 % of the suite consisting of sandstones 
(Narimanov et al., 1998). 
The Post Kirmaky Clay Suite (Fig. 1.4) is built-up by shales and loams, with 
some thin sandstone and siltstone beds in the lower part (Buryakovsky et al., 2001). 
The thickness of the suite is 30-35 m on the Absheron Peninsula. In Bahar field, it 
increases to 154 m (Narimanov et al., 1998). 
The Fasila Suite (Fig. 1.4) is made up by shale and unsorted coarse-grained 
rocks consisting of sandstone. In Kirmaky Valley, only the basal 35 m are well 
exposed. The suite consists of sandstones (Fig.1.4; Reynolds et al., 1998). In Bahar 
field its thickness is 167 m (Abdullayev et al., 1998) and in the Guneshly, Chirag and 
Azeri fields (Fig. 1.2), the thickness of the suite is 110 m (Reynolds et al., 1998). In the 
Baku Archipelago, the suite is built up mainly by shale (Buryakovsky et al., 2001).  
The Balakhany Suite (Fig. 1.4) can be divided into Balakhany X-V subunits from 
bottom to top (Kroonenberg et al., 2005). It consists of sandstones, siltstones, shales, 
childolites, loams, and loamy sand (Buryakovsky et al., 2001). The lower sandy parts, 
as exposed in Kirmaky Valley, show channelized, often cross bedded sandstones with 
2-5 m thickness, displaying varying degrees of lateral accretion, and amalgamation and 
intraformational mudclast conglomerates at the base (Fig.1.4). The suite is locally more 
than 300 m thick, in the Bahar field even 586 m (Narimanov et al., 1998). 
The Sabunchy Suite (Fig. 1.4) consists of siltstones, sandstones and shales. In 
Yasamal Valley, the thickness of the suite is 220 m (Kroonenberg et al., 2005), in the 




The Surakhany Suite (Fig. 1.4) consists of silty shales, argillaceous siltstones, 
sandstones, unsorted rocks, and rare gypsum interbeds (Buryakovsky et al., 2001). On 
Absheron Peninsula its thickness is over 500 m (Kroonenberg et al., 2005) and in the 
Bahar field, the thickness is 1647 m (Narimanov et al., 1998). 
 
 
1.2 Provenance of the sediments of the Productive Series  
 
During the Early Pliocene the western flank of the South Caspian Basin was 
supplied with freshwater and terrigenous materials by the rivers Palaeo-Volga from the 
north and Palaeo-Kura and Palaeo-Samur from the west (Fig. 1.5; Khalifazade and 
Mursalov, 2007). Sedimentation rates of the PS were between 2000 and 3000 m/Ma in 
the western flank of the South Caspian Basin (Khalifazade and Mursalov, 2007).  
Previous studies showed that according to the mineralogical components, the 
PS comprises two different type facies, the “Absheron facies” which is primarily derived 
from the Palaeo-Volga river system and the “Kura Facies” which is primarily derived 
from the Palaeo-Kura river system. The Russian Platform and the Greater Caucasus 
are the potential source for the “Absheron Facies” and the Lesser Caucasus is the 
potential source for the “Kura Facies” (Khalifazade and Mursalov, 2007). “Absheron 
Facies” is characterised by a higher percentage of sand which is dominated by high 
proportions of well sorted and well-rounded quartz delivered from the Russian Platform 
and the Greater Caucasus (Buryakovsky et al., 2001). “Kura Facies” is characterised 
by a higher amount of feldspars and lithic fragments (Morton et al., 2003). 
The following characterization of the source rocks in the hinterland of the 
research area is based on literature (Buryakovsky et al., 2003 and Mammadov and 





Fig. 1.5. Sketch of drainage systems during deposition of the Productive Series (after 
Smith-Rouch, 2006).  
 
Russian platform: The Palaeo-Volga drained the Russian Platform, which is 
characterized by Precambrian, Palaeozoic and Mesozoic rocks. The Precambrian 
sequences consists of biotite-garnet-gneiss, garnet-gneiss, amphibolite, amphibolite-
gneiss, beds of kaolinite, conglomerates and sandstones. The Cambrian sequences 
consist of quartz sandstone with clay lenses. The Ordovician deposits are represented 
by carbonate, schist, dolomite and limestone. The Silurian, Devonian, Carboniferous 
and Permian deposits consist mainly of limestone, dolomite and marl. The Triassic, 




Greater Caucasus: The Palaeo-Volga also drained areas of the Greater 
Caucasus, which are built up by Jurassic and Cretaceous deposits. Lower Jurassic 
rocks (thickness ≥ 2000 m) are widely distributed in the Greater Caucasus. They are 
composed of sandstones, diabase and gabbro-diabase. The middle Jurassic deposits 
of the Greater Caucasus are divided into two parts: The lower part is characterized by 
argillaceous rocks with rare interbeds of sandstones. The upper part is characterized 
by quartz sandstones with rare shale. The Upper Jurassic deposits are mainly 
composed of calcarenites and reef limestones, whereas the Lower and Upper 
Cretaceous deposits consist of terrigenous-carbonaceous flysch.  
Lesser Caucasus: The Palaeo-Kura mainly drained Jurassic and Cretaceous 
deposits of the Lesser Caucasus. Lower Jurassic deposits are sparsely represented in 
the Lesser Caucasus. The lower part of the Middle Jurassic deposits consists of lava 
sheets and diabasic volcanics. The upper part of the Middle Jurassic deposits is 
composed of quartz-porphyry with their volcanoclastic sequences. The Upper Jurassic 
deposits are represented by reef limestones and volcanoclastic intervals. The Lower 
Cretaceous deposits of the Lesser Caucasus consist of tuffaceous-terrigenous and 




1.3 Depositional environment 
 
Based on systematical sedimentological investigations on Absheron Peninsula, 
Hinds et al. (2004) distinguished three types of deposits in the Lower Division of the 
PS: sheetflood fluvial deposits, channelized fluvial deposits and lacustrine muds. They 




(Fig. 1.6.A). In this phase distal sheetflood and poorly channelized sediments were 
deposited, mainly mudstones. Then a sheetflood-dominated terminal fluvial system 
established and indicates increasing humidity. Channelized sandstones and floodplain 
mudstones indicate this fluvial system (Fig.1.6.B). In the upper part of a cycle, 
lacustrine mudstones indicate lacustrine expansion and inundation of the alluvial plain 
caused by maximum humidity (Fig. 1.6.C).  
 
Fig. 1.6. Palaeogeographic and palaeoenvironmental reconstruction for the Absheron 
Peninsula and surrounding areas during deposition of the Lower Division of the 
Productive Series (Hinds et al., 2004). A- time of maximum aridity, B- time of increasing 
humidity and C-maximum humidity. Greenline represents the present day coastline. 
 
Also the deposits of the Upper Division of the PS show a cyclic organization 
(Hinds et al., 2004). The deposits of the Upper Division of the PS are regarded to 
represent a terminal fluvial system which repeatedly expanded and contracted across 




palaeogeographic reconstruction suggests that a depositional cycle started during a 
time of aridity and deposition of mudstones derived from distal sheetfloods, and some 
poorly channelized sandstones  (Fig. 1.7. A). This kind of deposit occurs in the 
Balakhany IX sub-suite. 
 
Fig. 1.7. Palaeogeographic and palaeoenvironmental reconstruction for the Absheron 
Peninsula and the surrounding areas in the Upper Division of the Productive Series 
(Hinds et al., 2004). A- time of maximum aridity, B- time of increasing humidity, C- time 
of decreasing humidity.Green line represents the present day coastline. 
 
Then humidity increases and fluvial expansion takes place. This results in the 
establishment of braided, sand-rich deltas with sheet sandstones and floodplain 
mudstones (Fig. 1.7.B). This type of sediment occurs in the Balakhany VIII sub-suite 
and in the Fasila Suite. Then climate became again more arid, discharge decreased 




(Fig. 1.7.C). This situation was realised in the upper part of the Balakhany VIII and in 
the Balakhany VII sub-suites. 
According to the studies of Hinds et al. (2004) these cycles are superimposed 
on a long-term climatic trend from more humid conditions during deposition of the 
Lower Division of the Productive Series to more arid conditions during deposition of the 
Upper Division (Fig.1.8). The increasing aridity is possibly due to an increased evolving 
influence of the Greater Caucasus (Hinds et al. 2004). 
 
 
Fig. 1.8 Schematic diagram showing the climatic trend and cyclicity in the Productive 









144 samples from the Productive Series in Kirmaky Valley and Yasamal Valley, 
which are located in the central part of the Absheron Peninsula, were collected in 
stratigraphic order in August 2011 and June 2013 and were transported to the Institute 
for Geophysics and Geology at the University of Leipzig. 178 samples from drill cores 
recovered from the oil-gas-bearing zone from offshore site on the western flank of the 
South Caspian Basin (Absheron Archipelago and Baku Archipelago) were shipped 
from the core storage of the State Oil Company of Azerbaijan Republic to the institute. 
Samples were collected from all suites of the Productive Series (Tab. 1), although with 
uneven coverage, and come mainly from the fine-grained lithologies. The samples from 
Absheron Archipelago and Baku Archipelago come from a number of different wells, 
and thus they cannot be brought into a strict stratigraphic order. 
 
 
2.2 X-ray diffraction (XRD) 
 
The samples were crushed and then split for two different analyses, X-ray 
analysis of clay minerals and X-ray analysis of bulk sediments. For X-ray analysis of 
the clay minerals 2.0-2.5 gram sediment was taken and for X-ray analysis of bulk 





































































































































































































































































































































































diffractometer system a diffractometer system RigakuMiniflex (CoKα radiation; 30 kV, 




2.2.1 X-ray diffraction analysis of clay minerals 
 
The carbonate of the samples was removed by treatment with 10% acetic acid 
(CH3COOH). Organic matter was oxidized and the samples were further disaggregated 
by means of a 5% hydrogen peroxide (H2O2) solution. After that process, the samples 
were transferred to glass cylinders and the clay fraction (less than 2 microns) was 
isolated from the coarser fraction by the Atterberg method (settling time based on 
Stoke’s Law). Of each sample 40 mg clay suspension was mixed with 0.5 ml of an 
internal standard consisting of a 0.04% MoS2 solution. The suspension was filtered 
through a membrane filter of 0.20 μm pore width. The sediment-coated filters were 
dried at 40 °C while being pressed between wax paper. Then they were mounted with 
adhesive tape onto aluminium tiles. The tiles were placed into aluminium sample 
holders and were exposed to ethylene-glycol vapour at 60 °C for about 18h before XRD 
analyses. The samples were X-rayed in the range 3–40° 2θ with a step size of 0.02° 2θ 
and a measuring time of 2 sec/step (Fig. 2.1). Before being evaluated, the 
diffractograms were adjusted to the MoS2 peak at 6.15 Å. 
Additionally, the range 27.5–30.6° 2θ was measured with a step size of 0.01° 
2θ and a measuring time of 4 sec/step in order to better resolve the (002) peak of 
kaolinite and the (004) peak of chlorite (Fig. 2.2).  
We concentrated on the occurrence of the main clay mineral groups illite, 




reflections at 10 and 5.0 Å (illite), 14.0, 7.0, 4.7 and 3.54 Å (chlorite), 7.0 and 3.58 Å 
(kaolinite), and 16.5 Å (smectite, after glycolation). The relative percentages of illite, 
smectite, chlorite and kaolinite were determined using empirically estimated weighting 
factors (Biscaye, 1964, 1965).  
For the determination of illite polytypes, i.e. dioctahedral (2M1) versus 
trioctahedral (1M) type, the d-spacing of the (060) reflection was recorded (Kheirov, 
2008, Tucker, 1988). The samples not treated with glycol were X-rayed in the range 
57–74° 2θ with a step size of 0.01° 2θ and a measuring time of 1 sec/step (Fig. 2.3). 
The diffractograms had been adjusted using the quartz peak at 1.817 Å. If 2M1 illite is 
present, the d-spacing is between 1.48-1.50 Å.  
 
 
Fig. 2.1. Typical diffractogram of the clay fraction of the Productive Series from Kirmaky 
Valley, Absheron Peninsula (glycolated sample). 1-smectite (16-17 Å), 2-chlorite       
(14 Å), 3-illite (10 Å), 4-kaolinite+chlorite (7 Å), 5-MoS2 standard (6.15 Å), 6-illite      
(5.0 Å), 7-chlorite (4.7 Å), 8-quartz (4.26 Å), 9-kaolinite (3.58 Å), 10-chlorite (3.54),    




The crystallinity of smecite and illite, a measure of the lattice ordering and 
crystallite size is expressed as the integral breadth (Δ °2θ) of the smectite 16.5 Å peak 
and the illite 10 Å peak. The integral breadth is the width of the rectangle, which has 
the same height and the same area as the measured peak (Fig. 2.4). High values 
indicate poor crystallinities, whereas low values indicate good crystallinites. 
Categories for illite crystallinities are: very well crystalline (<0.4 Δ °2θ), well 
crystalline (0.4-0.6 Δ °2θ), moderately crystalline (0.6-0.8 Δ °2θ), and poorly crystalline 
(> 0.8 Δ °2θ). Categories for smectite crystallinities are: very well crystalline             
(<1.0 Δ °2θ), well crystalline (1.0-1.5 Δ °2θ), moderately crystalline (1.5-2.0 Δ °2θ), and 
poorly crystalline (> 2.0 Δ °2θ). 
 
Fig. 2.2. High resolution diffractogram of the 3.58 Å kaolinite peak (1) and 3.54 Å 






Fig. 2.3. The 060 reflections from the 2:1 Al dioctahedral clays. 1-quartz (1.82Å),              
2-muscovite (1.59 Å), 3- quartz (1.54 Å), 4- dioctahedral (2M1) illite (1.50 Å). Sample 
from Kirmaky Valley. Profile function: red-smoothed original data, green-background. 
 
The illite chemistry was estimated using the ratio of the 5 and 10 Å illite peak 
areas. According to Esquevin (1969), 5/10-Å ratios >0.4 correspond to Al-rich illites 
(muscovite). The ratio decreases with increasing Mg and Fe substitution of the 
octahedral Al. Values 0.3-0.4 correspond to phengite and values 0.15-0.3 correspond 
to biotite+muscovite. Mg- and Fe- rich illites (biotite) have values < 0.15. 
For determining the quartz/clay ratio we first measured the 4.26 Å quartz peak 
area of all samples from the investigation areas and normalised the values. Then 
weighted peak areas of the individual clay minerals were summed up and also 
normalised before calculating the ratio between quartz and clay minerals (Franke & 
Ehrmann, 2010). For calculating the quartz/smectite ratios and smectite/illite ratios we 
also used normalized quartz, smectite and illite peak areas (Menking, 1997). 
Normalized values in this study were calculated by dividing each mineral area 





Fig. 2.4. Typical diffractogram of the clay fraction of the Productive Series from 
Absheron Archipelago (glycolated sample). Clay mineral assemblage consisting mainly 
of smectite, chlorite, kaolinite and well crystalline illite (integral breadth=0.6 Δ °2θ). The 




2.2.2 X-ray diffraction analysis of bulk sediment 
 
The crushed samples were ground with a planetary mill (Pulverisette 5, Fritsch). 
For the XRD measurement samples were mixed with an internal standard of corundum  
(α-Al2O3) at a sample standard ratio of 5:1. Random powder mounts were X-rayed from 
3 to 50° 2θ with a step size of 0.02° 2θ and a measuring time of 1 sec/step (Fig. 2.5). 
The diffraction patterns were calibrated against the position of the (012) peak of the 
corundum standard at 3.479 Å before being analysed. For quantifying the relative 





Fig. 2.5. Typical diffractogram of bulk sediments of the Productive Series from Kirmaky 
Valley, Absheron Peninsula. 1-quartz (4.26 Å), 2-corundum (3.479 Å), 3-quartz+illite 
(3.343 Å), 4-K-feldspars (3.24 Å), 5-plagioclase (3.18 Å), 6-pyroxenes (3.0 Å, 2.95 Å 
and 2.90 Å), 7-corundum (2.55 Å), 8-corundum (2.379 Å), 9-quartz (2.279 Å). 
 
to the (012) corundum peak height at 3.479 Å was calculated. We refrained from using 
the higher (101) quartz peak at 3.343 Å, because this peak may be influenced by other 
minerals, mainly by illite/muscovite. Feldspars were identified by their basal reflections 
at 3.24 Å, 3.21 Å and 3.18 Å. K-feldspar/standard ratios are based on the 3.24 Å        
K-feldspar peak height. Plagioclase/standard ratios are based on the 3.18 Å 
plagioclase peak height. Pyroxenes were quantified by the ratio between the combined 
areas of the typical peak triplet at 3.0, 2.95 Å, 2.90 Å and the corundum peak area at 
3.479 Å. K-feldspar/plagioclase ratios are based on the 3.24 Å K-feldspar peak height 





Fig. 2.6. 060 diffraction data of bulk sediments of the Productive Series from Kirmaky 
Valley, Apsheron Peninsula. 1-quartz (1.82 Å), 2-corundum (1.74 Å), 3-biotite        
(1.673 Å), 4-dickite (1.661 Å), 5-corundum (1.60 Å), 6-quartz (1.544 Å). 
 
Additionally, the range 57–74° 2θ was measured with a step size of 0.01° 2θ 
per second and a measuring time of 1 sec/step in order to determine the (060) peak of 
dickite at 1.66 Å  and biotite at 1.67 Å (Fig. 2.6). 
 
 
2.3 Geochemical analysis 
 
For geochemical analysis of bulk sediments 1.0-2.0 g sediment was taken and 
the crushed samples were ground with a planetary mill (Pulverisette 5, Fritsch). Total 
carbon (TC in wt%), total nitrogen (TN in wt%), total sulfur (TS in wt%) contents were 




tin vessels and combusted at 1150 °C. The concentration of CO2, SO2, and N2 of the 
combustion gases were detected by a thermal conductivity detector. Standard 
deviation were determined to be ± 1.09 % for TC, ± 0.03 % for TN and ± 0.22 % for TS 
by routine analyses of standards.  
Total organic carbon (TOC) contents were measured with an ELTRA-
METALYTCS 100/1000S Analyzer. 100 mg bulk sediment was weighed into ceramic 
vessels and treated with 10 % hydrochloric acid (HCl) for removal of the carbonate, 
and then dried at 90 °C on a heating plate. TOC was obtained by combusting of the 
sample at 1400 °C and measuring of the CO2 concentrations of the combustion gas by 
infrared detector. Standard deviation was determined to be ± 0.01 % for TOC by 
routine analyses of standards. Calcium carbonate (CaCO3) in percent was calculated 
by the difference of total carbon and total organic carbon multiplied with the 
stoichiometric factor (CaCO3 = (TC-TOC) x 8.333). 
 
 
2.4 Scanning Electron Microscopy (SEM) 
 
SEM investigation were performed for characterizing the shape of the smectite 
particles in order to identify their detrital versus authigenic origin. Four samples with a 
high smectite concentration have been chosen for the investigations. The samples 
were scanned with a SEM CamScan Optics into 5-40 kV. To be examined in the SEM 
chamber, the samples were broken into suitable pieces with a size of 3-5 mm. The 
samples were placed on 12 mm diameter stubs (aluminum disc). To stick the samples 
on the stubs, graphite covered polycarbonate glue pads were mounted. The samples 
were coated with gold prior to investigation. SEM investigation were carried out at the 






Because samples from different areas of the western flank of the South Caspian 
Basin were investigated, the results are shown separately for each region. Also the 
results of the Surakhany Suite are presented separately within the Absheron Peninsula 
subchapter, because form this suite only a profile of 5-6 m thickness was sampled, 
however with a spacing of 5 cm.  
Also a different kind of graphical presentation of the clay and bulk mineral data from 
Absheron Archipelago (Western Absheron), South Absheron Offshore Zone (Bahar) 
and Baku Archipelago has been chosen, because the samples cannot be brought into 
strict stratigraphic order. For each suite, the respective minimum, mean and maximum 
value are presented. All raw data are listed in the appendix. 
 
 
3.1 Characterization of sediments on the Absheron Peninsula 
 
3.1.1 Clay mineralogy 
The percentage distribution of the main clay minerals is shown in Fig. 3.1. for 
Absheron Peninsula (Kirmaky Valley and Yasamal Valley).  
In the Lower Division smectite concentration average is 29 %, but values range 
between 4 % and 61 %. The smectites are well to moderately crystalline, with integral 
breadth values between 1.1 and 2.0 ∆ °2Ɵ. The illite concentration averages around  
48 %, but fluctuates from 24 % to 65 %. The 5/10 Å peak ratio is mainly >0.4. Thus, the 
illites are relatively rich in Al and resemble muscovite. The muscovite-like nature of the 
illites is also indicated by d-spacings varying between 9.9-10 Å. The illites are well to 




Only 2 samples have higher integral breadth values of 0.9 and 1.0 ∆ °2Ɵ. The average 
concentration of chlorite is 16 %, but the values range between 0.4 % and 29 %, and 
kaolinite concentration fluctuates from 0.2 % to 14 %, average is 7 %. The quartz/clay 
ratio fluctuates from 0.2 to 4.0, its average is 1.4, and the average ratio of 
quartz/smectite is 1.4, but varies from 0.1 to 11.0. 
In the Upper Division of the PS smectite concentration varies from 0 % to 33 %, the 
average content is 8 %. The smectites crystallinity ranges from moderate to very well, 
with integral breadth values between 1.2 and 1.7 ∆ °2Ɵ. The smectite concentration is 
more constant and lower than in the Lower Division. The illite concentration averages 
around 64 %, but varies between 43 % and 80 %. The illite concentration is the higher 
than in the Lower Division. The 5/10 Å peak ratio is >0.4 and the illites are relatively 
rich in Al and resemble muscovite. The muscovite-like nature of the illites is also 
indicated by d-spacing that vary between 9.9-10 Å. The illite crystallinity ranges from 
poor to well with IB values between 0.4 to 0.7 ∆ °2Ɵ. The investigation of four not 
glycolated samples in the range 57-74° 2Ɵ CoKα suggests that the illite polytype is 
dioctahedral which also is indicated by the illite 5/10 Å peak ratio (Al rich illite). The 
chlorite concentration varies from 11 % to 28 % and its average is 20 %. The kaolinite 
concentration fluctuates between 0.5 % and 17 %, the average is 8 %. The quartz/clay 
ratio fluctuates from 0.3 to 1.9, its average is 1.0 and quartz/smectite ratio varies from 
0.2 to 31.6 and the average is 4.7. 
The clay mineral assemblages of the Surakhany Suite (upper part of the Upper 
Division) have smectite concentrations averaging 10 %, but values range from 1 % to     
44 % (Fig. 3.2). The smectites are well to moderately crystalline, with integral breadth 
values between 1.0 and 2.0 ∆ °2Ɵ. Only one sample is very well crystalline (0.7 ∆ °2Ɵ) 
and one sample has a poor crystallinity (2.9 ∆ °2Ɵ). The smectite concentration is low 
and constant below 1.0 m and above 2.1 m and shows maximum but variable values in 










































































































































































































































































































































































































































































averages 61%, but varies from 34% to 97%. The 5/10 Å peak ratios are mainly >0.4. 
Thus, the illites are relatively rich in Al and resemble muscovite. The illites have 
moderate crystallinities, with integral breadth values between 0.6 and 0.8 ∆ °2Ɵ. The 
average chlorite concentration is 16 %, but the amounts range between 0.5 % and     
33 %. Kaolinite concentration fluctuates from 0.2 % to 33%, the average is 10%. The 
quartz/clay ratio in general fluctuates from 0.5 to 1.5 and the average is 1.0. The 
quartz/clay ratio thus is relatively constant in the suite. The quartz/smectite ratio varies 
from 0.2 to 8.0 and its average is 2.5. 
 
 
3.1.2 Bulk mineralogy 
Quartz, K-feldspars, plagioclase and pyroxene were identified by XRD 
measurements in the PS bulk sediments (Fig. 3.3).  
In the Lower Division the quartz/standard ratio fluctuates from 1.0 to 7.2 and its 
average is 2.6. The K-feldspars/standard ratio varies from 0.04 to 1.1 and the average 
is 0.43. The average ratio of plagioclase/standard is 1.4, but it fluctuates from 0.1 to 
3.5. The average ratio plagioclase/K-feldspars is 4.1 and it fluctuates from 0 to 9 in the 
Lower Division. The pyroxene/standard ratio fluctuates from 0.3 to 5.5 and the average 
is 2.5. 
In the Upper Division the quartz/standard ratios fluctuate from 1.0 to 3.5 and the 
average ratio is 1.8. The average ratio of the K-feldspar/standard is 0.3 and it ranges 
from 0.1 to 0.9. The average ratio of plagioclase/standard is 1.6 and it ranges between 
0.8 and 3.5. The average ratio of plagioclase/K-feldspar is 6.0, but it fluctuates from 2.5 




Distributions of quartz, K-feldspar, plagioclase, pyroxene in the Surakhany Suite 
are shown on Fig. 3.4. Only 4 samples have been analysed. Quartz/standard ratio 
ranges from 1.0 to 1.9 and its average is 1.3. K-feldspar/standard ratio exhibits from 0 
to 0.23 and the average is 0.4. The average of ratio plagioclase/standard is 1.0 and it 
fluctuates from 0.9 to 1.2. The average ratio of plagioclase/K-feldpars is 5.1 and it 
ranges from 0 to 8.7. The pyroxene/standard ratio varies from 1.1 to 1.8 and the 
average is 1.5. 
 
 
Fig. 3.3. Quartz/standard (Qz./St.), K-feldspars/standard (K-Felds./St.), 
plagioclase/standard (Plagio./St.), plagioclase/K-feldspar (Plagio./K-Felds.), and 



















































































































































































3.1.3 Biogeochemistry  
CaCO3, total organic carbon (TOC), total nitrogen (TN), total sulphur (TS), TOC/TS 
ratio and TOC/TN ratio were measured in the PS sediments of Absheron Peninsula 
(Fig. 3.5.-3.6).  
In the Lower Division the CaCO3 concentration averages 11.3 % and ranges from 
3.9 % to 30.0 %. TOC occurs in concentrations of 0.1 %-3.8 % and the average 
content is 1.0 %. The TN concentration varies from 0 % to 0.2 % and its average is   
0.1 %. TS concentration averages around 0.2 % and ranges from 0.1 % to 0.7. 
TOC/TS ratios fluctuate from 0.6 to 25.9 and TOC/TN ratios vary from 4.4 to 81. 
In the Upper Division the CaCO3 concentration averages 8.4 % and ranges from 
0.7 % to 20.1 %. TOC occurs in concentrations of 0.1 %-2.0 % and the average 
content is 0.5 %. The TN concentration fluctuates from 0.01 % to 0.1 % and its average 
is 0.1 %. The TS concentration averages around 0.1 % and values range from 0.1 % to 
0.2 %. TOC/TS ratio varies from 0.8 to 20.5 and TOC/TN ratio ranges from 2.2 to 33.3. 
In the Surakhany Suite (Fig.3.6.) of the Upper Division the CaCO3 concentration 
averages 8.2 % and ranges from 4.5 % to 21.4 %. TOC occurs in concentrations of 
0.1 %-0.6 % and the average content is 0.3 %. TN concentration varies from 0.01 % to 
0.14 % and its average is 0.1 %. TS concentration averages 0.2 % and range from   
0.1 % to 0.7 %. TOC/TS ratios vary from 0.2 to 5.9, its average is 2.8 and TOC/TN 





Fig. 3.5. CaCO3, total organic carbon (TOC), total nitrogen (TN), total sulphur (TS), 






Fig. 3.6. CaCO3, total organic carbon (TOC), total nitrogen (TN), total sulphur (TS), 







3.2 Characterization of sediments in the Absheron Archipelago  
(Western Absheron field) 
 
3.2.1 Clay mineralogy 
The clay mineral assemblages in the Lower Division of the PS on Absheron 
Archipelago are dominated by smectite and illite (Fig. 3.7). The smectite concentration 
in average is 33 %, but fluctuates between 16 % and 51 %. The smectites are 
modaretaly to poorly crystalline, with integral breadth values between 0.6 and            
0.9 ∆ °2Ɵ. The illite concentration averages 46 %, but fluctuates from 32 % to 64 %. 
Illite 5/10 Å peak ratios are variable around 0.5. Mainly, the illites are relatively rich in Al 
and resemble muscovite. The illites are poorly crystalline, with integral breadth values 
between 1.5 and 2.0. The average concentration of chlorite is 11 % but the values 
range between 4 % and 28%. Kaolinite concentration fluctuates from 0 % to 14 % and 
its average is 9.4 %. The quartz/clay ratio fluctuates from 0.2 to 2.6, average is 1.8. 
The quartz/smectite ratio varies from 0.3 to 12.5 and the average is 1.3. 
 
 
3.2.2 Bulk mineralogy  
In the bulk sediment in the Lower Division of the PS from Absheron Archipelago 
(Fig. 3.8.), quartz/standard ratios range from 0.6 to 4.6 and the average is 1.8. K-
feldspars/standard ratios are 0 to 2 and their average is 0.4. The average ratio of 
plagioclase/standard is 0.9 but it fluctuates from 0 to 2.2. Pyroxene/standard ratios vary 


























































































































































































































































































Fig. 3.8. Quartz/standard (Qz./St.), K-feldspars/standard (K-Felds./St.),  
plagioclase/standard (Plagio./St.) and pyroxene/standard (Pyrox./St.) ratios (minimum-
average-maximum) in bulk sediments of the Productive Series from Absheron 
Archipelago (Western Absheron). 
 
 
3.3 Characterization of sediments in the South Absheron Offshore Zone 
(Shah Deniz field) 
 
3.3.1 Clay mineralogy 
The clay mineral assemblage in the Upper Division of the PS in the South 
Absheron Offshore Zone is shown on Fig. 3.9 and Fig. 3.10. In Fasila Suite smectite 
concentrations vary from 15 % to 45 %, and average content is approximately 29 %. 
The smectites have well to moderate crystallinities with integral breadth values 
between 1.4 and 1.5 ∆ °2Ɵ. The highest amount of smectite occurs from 6401.50 msbf 
to 6395.19 msbf. Between 6390.50 mbsf and 6382.50 mbsf the smectite amounts 




averages around 48 %, but fluctuates from 38 % to 65 %. The 5/10 Å peak ratios is 
variable, 0.3 to 0.8. The illite composition fluctuates from Fe-rich to Al-rich indicating a 
composition from biotite-like to muscovite-like. The illites have moderate to poor 
crystallinity, with integral breadth values between 0.5 and 1.0 ∆ °2Ɵ. The values show 
an increasing trend from 6390.50 mbsf to 6382.50 mbsf. The chlorite concentration 
varies from 7 % to 26 %, the average concentration is 14 %. Kaolinite concentration 
varies from 2 % to 17 %, its concentration average is 13 %. Normalised quartz/clay 
ratios range from 0.4 to 1.6 and their average is 0.8. The ratio is relatively constant in 
the suite. Normalised quartz/smectite ratios vary from 0.4 to 2.8 and the average is 0.9. 
In the Balakhany VIII sub-suite the smectites amount average is 31 %, and fluctuate 
between 4 % and 46 %. The smectites are very well to moderate crystalline, with 
integral breadth values between 1.1 and 2.0 ∆ °2Ɵ. The illite average concentration is 
44 %, but fluctuates between 31 % and 62 %. The illite crystallinity is good to 
moderate, with IB values of 0.5-0.9 ∆ °2Ɵ. The 5/10 Å peak ratios are variable between 
0.02 and 1.01. The illites composition fluctuates from Fe-rich to Al-rich indicating a 
composition from biotite-like to muscovite-like. The chlorite concentration varies from 7 
% to 26 %, the average is 14 %. The kaolinite amount ranges from 0.2 % to 19 % and 
average of the kaolinite concentration is 10 %. 
The normalised quartz/clay ratios range from 0.6 to 6.7 and their average is 1.2. 
The highest quartz/clay ratios occur from 5996.57 mbsf to 5970.32 mbsf. The 

















































































































































































































































































































































































































































































































































3.3.2 Bulk mineralogy 
 The bulk sediment (Fig. 3.11) the Fasila Suite, quartz/standard ratios fluctuate 
from 0.5 to 2.9, K-felds ratios from 0.1 to 1.4. Plagioclase/standars ratios fluctuate from 
0.4 to 2.1 and pyroxen/standard ratios from 0.5 to 2.7. 
 In Balakhany VIII sub-Suite quartz/s ratios from 1.3 to 4.2, K-feldsparstandard 
ratios exhibit between 0.1 and 6.7, plagioclase/tandardratios vary from 0.7 to 2.6, 




The biogeochemical data is shown on Fig. 3.12 and Fig. 3.13. In the Fasila 
Suite CaCO3 concentration averages 7.6 % and it ranges from 1.4 % to 18.8 %. TOC 
occurs in concentrations of 0.2 %-0.6 % and the average content is 0.3 %. TN 
concentration fluctuates from 0.01 % to 0.1 % and its average is 0.05 %. TS 
concentration averages around 0.1 % and range from 0.1 % to 0.3. TOC/TS ratio 
varies from 1.0 to 5.8 and its average is 3. TOC/TS ratio range from 3.0 to 18.6 and the 
average is 8.1. 
In the Balakhany VIII sub-suite TIC concentration fluctuates between 0.5 % and 
2.4 % and the average content is 1.1 %. CaCO3 concentration averages 9.2 % and 
range from 3.8 % to 20.1 %. TOC occurs in concentration 0.1 %-0.7 % and the average 
content is 0.3 %. TN concentration varies from 0 % to 1.2 % and its average is 0.03. TS 
concentration averages around 0.1 % and range from 0.1 % to 0.4 %. TOC/TS ratio 
fluctuates from 0.7 to 10.3 and the average is 3.2. TOC/TN ratio varies from 2.1 to 68.2 








































































































































































































Fig. 3.12. CaCO3, total organic carbon (TOC), total nitrogen (TN), total sulphur (TS), 
TOC/TS ratio and TOC/TN ratio of the sediments of the Fasila Suite of the Productive 






Fig. 3.13. CaCO3, total organic carbon (TOC), total nitrogen (TN), total sulphur (TS), 
TOC/TS ratio and TOC/TN ratio of the sediments of the Balakhany VIII sub-suite of the 
Productive Series from the South Absheron Offshore Zone (Shah Deniz). 
 
 
3.4 Characterization of sediments in the South Absheron Offshore Zone 
(Bahar field) 
 
3.4.1 Clay mineralogy 
The clay mineral assemblages of the PS sediments of the Bahar field are 




29 %, but fluctuates between 14 % and 37 %. The smectites are very well crystaline, 
with integral breadth values between 0.6 ∆ °2Ɵ. Illite concentration averages 44 %, but 
fluctuates from 34% to 60%. Illite 5/10 Å peak ratios are variable and the ratios vary 
from 0.4 to 0.7. The illite composition fluctuates from Fe-rich to Al-rich from biotite-like 
to muscovite-like.The illites are poorly crystalline, with integral breadth values between 
1.3 and 2.0 ∆ °2Ɵ. The average concentration of chlorite is 13% but the values range 
between 10% and 18%. The kaolinite ratio ranges from  7 % to 20 % and the average 
is 14 %. The quartz/clay ratio fluctuates from 0.5 to 1.5 and its average is 1.0. The 
quartz/smectite ratio varies from 4 to 17 and the average is 11. 
In the Upper Division smectite concentrations vary from 3 % to 41 % around an 
average of 28 %. The smectites are very well crystaline, with integral breadth values 
between 0.5-0.7 ∆ °2Ɵ. The illite concentrations range from 27 % to 66 % and the 
concentration averages 41 %. The 5/10 Å peak ratios are variable and the ratios vary 
from 0.4 to 1.0. The illites are moderately to poorly crystalline, with integral breadth 
values between 0.6 and 1.8 ∆ °2Ɵ. The chlorite ratio fluctuates between 2 % to 39 % 
and the average is 19 %. The kaolinite concentration varies from 1 % to 30 % and its 
average is 13 %. The quartz/clay ratio fluctuates from 0.1 to 1.6, the average is 0.8. 
The quartz/smectite ratio varies from 4 to 17 and its average is 10. 
 
 
3.4.2 Bulk mineralogy 
In the bulk sediment (Fig. 3.15) of the Lower Division of the PS the 
quartz/standard ratios range from 1.1 to 8.4, K-feldspars/standard ratios from 0 to 0.7. 








































































































































































































































































Fig. 3.15. Quartz/standard (Qz./St.), K-feldspars/standard (K-Felds./St.), 
plagioclase/standard (Plagio./St.) and pyroxene/standard (Pyrox./St.) ratios 
(minimum-average-maximum) in bulk sediments of the Productive Series  
from the South Absheron Offshore Zone (Bahar field). 
 
In the Upper Division of the PS the quartz/standard ratios fluctuate from 2.1 to 
26.0, K-feldspars/standard ratios between 0.1 and 5.1, plagioclase/standard ratios from 










3.5 Characterization of sediments in the Baku Archipelago 
 
3.5.1 Clay mineralogy 
The clay mineral data are shown on Fig. 3.16 for Baku Archipelago. The clay 
mineral assemblage of PS sediments is dominated by smectite and illite.  
In the Lower Division smectite average is 37%, but concentration fluctuate 
between 28 % and 54%. The smectites are well crystalline, with integral breadth values 
between 1.3 and  1.4 ∆ °2Ɵ. Illite is the second important clay mineral. Its 
concentration averages around 45%, but contents fluctuate from 34% to 52%. The illite 
5/10-Å peak area ratios >0.4. Thus, the illites are relatively rich Al and resemble 
muscovite. The illites are moderate crystalline, with integral breadth values between 
0.6 and 0.8. The average concentration of chlorite is 10 %, but the values range from 
4% to 13%. The kaolinite concentration fluctuates only from 7 % to 8 % and its average 
is 7.6 %. The quartz/clay ratio range from 0.9 to 1.2 and the average is 1.0. The 
quartz/smectite ratio varies between 0.3-0.8 and its average is .0.5. 
In the Upper Division, smectite concentrations vary from 16 % to 73 %, the 
average content is 43%. The smectites are well to moderately crystalline, with integral 
breadth values between 1.2 and 2.0 ∆ °2Ɵ. The smectite concentration is highest in 
Balakhany Suite samples and in the Sabunchu Suite. The illite concentration averages 
around 37%, but varies between 13% and 58%. Most of the samples have 5/10 Å peak 






















































































































































































































































The muscovite-like nature of the illites is also indicated by d-spacing vary between 9.9-
10 Å. The illites have moderate to poor crystallinities, with integral breadth value of 
between 0.6 and 0.9 ∆ °2Ɵ. However, the illite from one sample is well crystalline with 
an integral breadth value of 0.5 ∆ °2Ɵ. The chlorite concentration varies from 4 % to 31 
% and the average is 14 %. The kaolinite concentration range between 2 % and 11 %, 
with average of 6 %. The quartz/clay ratio range from 0.6 to 1.5 and its average is 1.0. 
The quartz/smectite ratio vary between 0.2-1.0 with average of 0.4. 
 
 
3.5.2 Morphology of clay minerals 
In samples from both the Lower Division and the Upper Division of the Productive 
Series we found structures with platy morphologies, smectite exhibiting cornflake 
structues and smectites coating detritial sediment grains (Fig.3.17). These features are 
typical for detritial smectites. In contrast, we did not find any features that are typical 
authigenic smectites, such as honeycomb smectites, hairy shapes, overgrowth of 
smectite on grain surfaces or smectite cement growth in the pore space of the 
sediments. Thus, the overwhelming part of the smectites seems to be of detrital origin. 
 
 
3.5.3 Bulk mineralogy 
The result of the bulk mineralogical analyses are shown on Fig. 3.18. In the 
Lower Division quartz/standard ratios range from 1.07 to 1.09 and its average is 1.08.                          
K-feldspar/standard ratios vary from 0.16 to 0.19 and its average is 0.18. 
Plagioclase/standard ratios fluctuate from 0.83 to 1.33 with average of 1.1. 






Fig. 3.17. SEM photographs of detrital smectites; Sabunchu Suite, 4903-4908 m, (A), 
(B), and (C). Balakhany Suite, 5129-5133 m, Fasila Suite, 5382-5388 m, (E), (F). Post 






Fig. 3.18. Quartz/standard (Qz./St.), K-feldspars/standard (K-Felds./St.), 
plagioclase/standard (Plagio./St.) and pyroxene/standard (Pyrox./St.) ratios (minimum-
average-maximum) in bulk sediments of the Productive Series from the Baku 
Archipelago. 
 
In the Upper Division quartz/standard ratios fluctuate from 0.7 to 4.7 with 
average of 1.6. K-feldspars/standard ratios vary between 0 and 0.6 and their average is 
0.3. Plagioclase/standard ratios vary from 0.6 to 2.6, with average of 1.5. 







4.1 General significance of clay mineral and non-clay mineral associations 
 
The clay minerals distributed in sedimentary basins can be divided into two 
categories concerning their origin, detrital and authigenic (Fagel, 2007; Chamley, 
1989). Roughly more than 90 % of the worldwide clay minerals are of detritial origin. 
The composition of the detrital clay mineral assemblages in sediments depends 
strongly on weathering processes in the source area, which are controlled by the 
prevailing climatic conditions (Chamley, 1989; Singer, 1984). We can discern between 
physical and chemical weathering. Physical weathering happens mainly under arid 
climatic condition causing the fragmentation and disintegration of rocks into their 
individual components without chemical changes. Chemical weathering happens under 
humid climatic condition and causes a chemical alteration of rocks. Detritial clay 
minerals are thus useful tools for studying the provenance of the sediments and the 
palaeoclimatic conditions in the source area (Fagel, 2007; Singer, 1980; Chamley, 
1989; Thiry, 2000). However, only detrital clay minerals without later alteration by 
diagenesis can be used for reconstructing palaeoclimatic conditions in the hinterland 
(Singer, 1984). The result of the analysis show that the clay mineral from different 
reaserach area are detrital origin. 
The origin of smectite in sediment basins is sometimes a matter of debate. 
Authigenic smectites may be products of alteration of basaltic volcanic glass and 
volcanic rock fragments, or they may be derived from hydrothermal activity or 
diagenetic processes (Chamley, 1989). Detrital smectites, in contrast, are derived from 
the adjacent land and mainly form by hydrolysis of feldspars (Chamley, 1989). Well-
crystalline smectites are mainly restricted to subtropical climatic conditions with weakly 




2000). In general, detritial smectite develop in flood plain environments. Under dry 
climate, smectite formation is only a subordinate process (Thiry, 2000).  
Authigenic illite forms by transformation of smectite into illite via illite-smectite 
mixed-layer clay minerals, a process called illitization (Meunier and Velde, 2004). 
Detrital illite is mainly derived from weathering of crystalline basement rocks rich in 
felsic silicates under dry climate (Gradusov, 1974; Weaver, 1989). Detrital illite 
generally is resistant to chemical weathering, but dioctahedral illite (muscovite) is much 
more resistant to chemical weathering than trioctahedral illite (biotite) (Pettijohn et al., 
1987).  
Authigenic chlorite forms in general at temperatures of 475-600°C by basalt-
seawater interaction (Aghayev, 2006). Additionally, authigenic chlorite may be the 
result of alteration of volcanic material (Weaver, 1989). Detrital chlorite mainly forms by 
physical weathering of plutonic and metamorphic rocks such as schist and gneiss by 
hydrolysis (Chamley, 1989; Aghayev, 2006).  
Authigenic kaolinite forms during early diagenesis of smectite (Chamley, 1989). 
High rainfall, warm, humid climate and well-drained topographies favour the formation 
of detrital kaolinite from K-feldspar, plagioclase and biotite by hydrolysis processes 
(Chamley, 1989; Pettijohn et al., 1987; Khalifazade and Mammadov, 2003; Aghayev, 
2006).  
For palaeoenvironmental reconstructions, quartz/clay ratios were also used. A 
high quartz/clay ratio indicates a source area dominated by quartz-rich basement and 
sedimentary rocks. A low quartz/clay ratio indicates that the sediment was derived from 
rocks which produce less quartz by weathering, as e.g. volcanic rocks (Franke and 
Ehrmann, 2010). 
Also the non-clay mineralogical composition is controlled by the composition of 
the source rock in the hinterland. Quartz, K-feldspar and plagioclase are used for 




than K-feldspar, low plagioclase/K-feldspar ratios should indicate chemical weathering, 
and high ratios may indicate physical weathering. 
 
 
4.1.1 Potential sediment source areas 
The clay mineral assemblages in the PS are not only controlled by weathering 
processes, but also by the mineralogical composition of the source rocks in the 
hinterland. Differences in the clay mineral assemblages of the PS sediments allow the 
discrimination of different sources area. 
Two different concepts were suggested concerning the sediment provenance of 
the South Caspian Basin: 
I – Investigations of heavy minerals from the Productive Series in the Absheron 
Peninsula indicated that both the Russian Platform and the Greater Caucasus were 
sediment sources during early stages of the Productive Series (Morton et al., 2003). 
According Morton et al. (2003), deformation and exhumation of the Greater Caucasus 
in the Late Cenozoic was the reason for an influx of sand via the Palaeo-Volga River. 
In Surakhany times the Palaeo-Volga River either moved to the east (Russian 
Platform) away from the Absheron Peninsula or it discharged only fine-grained 
sediment. Instead, Palaeo-Kura sediment reached the Absheron Peninsula.  
II – Khalifazade and Mursalov (2009) suggest that the Palaeo-Volga drained 
only the Russian Platform during the time of the deposition of the Lower Division, 
whereas material from the Greater Caucasus deposited on the shelf during periods of a 
low water-level of the Caspian Sea. The Russian platform was a potential sediment 
source for Absheron Peninsula, Absheron Archipelago, and South Absheron offshore 
zone and even for some areas of the Baku Archipelago. However, at the time of 
Balakhany, the Palaeo-Volga delta coastal areas were inundated by the Caspian Sea 




Absheron Peninsula, and the Greater Caucasus was a potential sediment source for 
the South Absheron offshore zone and has been drained by Palaeo-Samur River. The 
Lesser Caucasus was a potential source for the Baku Archipelago and has been 
drained by Palaeo-Kura River.  
A few studies exist on the clay mineral distribution in the PS sediments of the 
South Caspian Basin. The first study was by Kosovsgoy (1954). Later studies have 
been carried out on PS sediment samples from Absheron Peninsula, Absheron 
Archipelago and Baku Archipelago by Pashaly and Kheirov (1979). The goal of these 
studies was to compare the PS sediments with the Red Suite, i.e. the Pliocene 
sediments in the Turkmenistan region of the Caspian Sea. Further studies provided 
details about the clay mineral distribution in individual regions of the western flank of 
the South Caspian Basin (Turovskiy et al., 1981). Turovskiy et al. (1981) showed that 
relatively high amounts of illite and relatively low amounts of smectite can be found 
near the modern Volga River and the modern Samur River, whereas relatively low 
amounts of illite and relatively high amounts of smectite have been found near the 
modern Kura river region. These two clay minerals thus seem to be a good indicators 
of provenance. 
Ternary plots of the clay mineral assemblage data are used to distinguish 
between different sediment source areas. The ternary plots of kaolinite-smectite-illite 
and illite-smectite-chlorite are shown in Fig. 4.1 for the Lower Division and in Fig. 4.2 
for the Upper Division of the PS from the different working areas.  
 
 
4.1.1.1 Lower Division sediment input from the Russian Platform 
The main characteristic of the Lower Division is that the clay mineral 
assemblages of the different working areas have a similar composition and therefore 




assemblages suggests a potential source for the sediments of the Lower Division of the 
PS in the Russian Platform that has been drained by the Palaeo-Volga River (Fig. 4.6; 
Turovskiy et al., 1981; Khalifazade and Mursalov, 2009). Illite and chlorite are mainly 
provided by the physical weathering of biotite-garnet, garnet-gneiss of the Precambrian 
sequences in the Russian Platform. Smectite and kaolinite may be derived from the  
 
 
Fig. 4.1. Ternary diagram showing the average clay mineral composition of sediments 
in the Lower Division of the Productive Series from the different working areas. 
 
weathering of shale of Jurassic and Cretaceous deposits in the Russian Platform. The 
high quartz/clay ratios (Fig. 4.7; sub-chapter 4.1.2) document that the source for the 
Lower Division sediments is in quartz-rich basement rocks of the Precambrian and 
sedimentary rocks of the Jurassic and the Cretaceous.  
 
 
4.1.1.2 Upper Division 
In contrast to the Lower Division, the clay mineral assemblages of the Upper 
Division from the different regions show specific compositions and plot into individual 
clusters, which however overlap with each other. In general the assemblage show a 






Fig. 4.2. Ternary diagrams showing the average clay mineral composition of the Lower 






Fig. 4.3. Ternary diagrams showing the average clay mineral composition of sediments 






containing more illite and more kaolinite (Fig. 4.2). The clay minerals of the different 
working areas thus probably are derived from different source areas.  
Absheron Peninsula – Upper Division sediment input from the Russian 
Platform:  
The clay mineral assemblage of the Upper Division on the Absheron Peninsula 
is characterized by a generally high content of illite and low content of smectite       
(Fig. 4.3). Its composition is similar to the modern Volga and the Palaeo-Volga clay 
mineral assemblages (Turovskiy et al., 1981). The clay minerals have potential sources 
in the Russian Platform (Fig. 4.6). The high amount of illite may be a result of the 
physical weathering of the biotite-garnet gneiss in the Precambrian deposits. 
Crossplots of chlorite and kaolinite contents give further hints on the provenance     








kaolinite. This may indicate that kaolinite-bearing Precambrian beds in the Russian 
Platform became a more important source at the time. The low quartz/clay ratios     




Fig. 4.5. Quartz/standard ratios (Qz./St.) in bulk sediments of the Productive Series 
from Absheron Peninsula. 
 
sediment are quartz poor rocks from Precambrian basement. Also, the slightly 
decreasing trend in quartz/standard ratios suggests that quartz poor rocks were eroded 






Fig. 4.6. Sketch of the drainage system at the time of the deposition of the Lower 
Division (A) and Upper Division (B) of the Productive Series according to the 
interpretation of the clay mineral records; I-Absheron Peninsula, II-Absheron 




associated with the deposition of mudstone ( Hints et al., 2004). 
 
South Absheron Offshore Zone – Upper Division sediment input from the 
Greater Caucasus:  
The assemblage is characterized by a mixed assemblage of illite and smectite. 
The amount of chlorite is higher than the amount of kaolinite (Fig. 4.3). The ternary 
diagram shows that the clay mineral composition differs from that of Absheron 
Peninsula by a generally lower illite content. Thus one can argue for a lower influence 
of Palaeo-Volga River and the Russian Platform. We suggest that the Greater 
Caucasus has been drained by the Palaeo-Samur River delivering more chlorite     
(Fig. 4.6). The influence of the Palaeo-Volga was reduced because arid climatic 
condition in the Russian Platform probably caused a lower activity of the Palaeo-Volga 
River at the time of deposition of the Upper Division (Khalifazade and Mursalov, 2007). 
Illite and chlorite are mainly derived by the weathering of the flysch of the Upper 
Cretaceous sequences on the hinterland. Smectite and kaolinite result from the  
weathering of sedimentary units such as argillaceous rocks and shales of the middle 
Jurassic sequences in the Greater Caucasus. The high quartz/clay ratios are 
associated with sedimentary rocks of Jurassic sequences produced quartz (Fig. 4.9). 
 
Baku Archipelago – Upper Division sediment input from the Lesser 
Caucasus:  
Sediments of the Upper Division on the Baku Archipelago are characterized by 
smectite concentrations that are generally distinctly higher than on Absheron Peninsula 
and slightly higher than in the South Absheron Offshore Zone (Fig. 4.3). In respect to 
the composition of clay minerals we may assume that the sediments were supplied 
from the Palaeo-Kura River system (Turovskiy et al., 1981). The Palaeo-Kura River has 




(Fig. 4.6; Khalifazade and Mursalov, 2007). The high smectite content may be due to 
weathering of terrigenous rocks of the Middle Jurassic. Smectite may additionally be 
provided by alteration of volcanogenic rocks. 
 
 
4.1.2 Climatic signals of the clay minerals 
The composition of clay mineral assemblages is not only influenced by 
provenance (sub-chapter 4.1.1) but also by the weathering conditions and thus by 
climate in the hinterland. If changes in provenance can be excluded, variations in the 
clay mineral assemblages may be interpreted to indicate changes in climate. Our 
palaeoclimatic reconstruction builts mainly on the smectite/illite ratios. Since smectite is 
a product of chemical weathering, smectite/illite ratios should be high in those 
sediments that originated during prevailing chemical weathering, and low in those 
sediments that originated during prevailing physical weathering. 
Again, at the time of the deposition of the Lower Division, the Russian Platform 
was drained by Palaeo-Volga River and all working areas received most of their 
sediments from that source (sub-chapter 4.1.1). Changes in the clay mineralogy within 
the Lower Division are assumed to be caused by climate change rather than by change 
in source rocks. At the time of the deposition of the Upper Division three different 
sediment source could be identified for the three research areas: Absheron Peninsula – 
the Russian Platform has been drained by the Palaeo-Volga; South Absheron Offshore 
Zone – the Greater Caucasus has been drained by the Palaeo-Samur River; Baku 
Archipelago - the Lesser Caucasus has been draining by the Palaeo-Kura River (sub-
chapter 4.1.1). Changes in the clay mineralogy in Absheron Peninsula, South 
Absheron Offshore Zone and Baku Archipelago are assumed to be caused by climatic 




The clay mineral assemblages from Absheron Peninsula are used for 
reconstructing palaeoclimatic conditions at the Upper Division and the Lower Division 
time. Those from Shah Deniz field of the South Absheron Offshore Zone are used for 
reconstructing palaeoclimatic conditions at the Upper Division time because the 
samples from this field could be brought into strict stratigraphic order. Additionally, 
studies by Hinds et al., (2004) and Abreu and Numedal (2007) were used for the 
interpretation of clay mineral data from Absheron Peninsula. 
Hinds et al. (2004) suggest that more humid conditions occurred during 
deposition of the Lower Division of the PS, the time interval from 5.5 to 5.0 Ma. In 
contrast to the Lower Division, the Upper Division of the PS, the time interval between 
5.0 and 3.4 Ma is characterized by more arid climatic conditions. According to           
Hinds et al. (2004) during humid scenarios, major coarse clastic materials have been 
discharged into the South Caspian Basin. It is also associated with lake expanded and 
inundated Absheron Peninsula. However, during arid scenarios, mainly mudstone 
deposited and low amounts of coarse clastic material have been discharged into the 
South Caspian Basin. 
Abreu and Numedal (2007) suggest that sandy delta and fluvial facies of the 
Fasila Suite are associated with a very warm climate at the beginning of the Pliocene. 
According to Abreu and Numedal (2007) the first significant cold snap may correspond 
to the base of the Balakhany Suite. The cold scenario was associated with a Caspian 
water-level rise, increased the Palaeo-Volga discharge, flooding and deposition of the 
Balakhany shale. However warm climate prevailed during deposition of Sabunchy and 
Surakhany Suites. 
 
4.1.2.1 Lower Division 
The clay mineral assemblages of the Lower Division of the PS from Absheron 




Russian Platform at the different time (Fig. 4.7). The lower ratios of smectite/illite in 
some intervals of the Lower Division can be explained by a combination of less 
smectite formation due to the dry climate in the source area and therefore rather illite 
formation than smectite formation. In contrast, high ratios of smectite/illite probably 
indicate that smectite dominant in the some interval due to chemical weathering under 
humid climate condition in the Russian Platform. 
 
 
Fig. 4.7. Percentage distribution of the smectite and illite and normalized smectite/illite 
ratio (Sm./Il.) and normalized quartz/clay ratio (Qz./Clay) of the sediments of the 
Productive Series from Absheron Peninsula. The figure also shows a schematic 
diagram (not to scale) of climatic trend and cyclicity by Hinds et al. (2004). 
 
The climatic interpretation based on the clay mineral assemblage corresponds 
to the idea of climatic cyclicity by Hinds et al. (2004). The alternation of the 
smectite/illite ratios in the Lower Division of the PS possibly collaborate with changing 
climate cyclicity (Fig. 4.7). High ratios of smectite/illite correspond to humid climate and 






4.1.2.2 Upper Division 
The Upper Division of the PS from the Absheron Peninsula is characterised 
by low amounts of smectite and high amounts of illite (Fig. 4.7). This documents arid 
climatic condition on the Russian Platform. The decreasing smectite/illite ratios reflect 
increased physical weathering under arid climatic condition at the time of deposition. 
Surakhany Suite at the top of the Upper Division of the PS comprises the time 
interval ca. 3.8-3.4 Ma (Forte and Cowgill, 2013; Vincent et al., 2010). A detailed profile 
of 5 m thickness was sampled with a spacing of 0.05-0.07 m, in order to reconstruct 
 
Fig. 4.8. Percentage distribution of the smectite and illite and normalized smectite/illite 
ratio (Sm./Il.) and normalized quartz/clay ratio (Qz./Clay) of the sediments of the 
Surakhany Suite of the Productive Series from Absheron Peninsula. 
 
the climatic conditions in a higher resolution, because Surakhany Suite is the last suite 
in the PS, and overlain by the Late Pliocene. The Surakhany Suite is also 
characterized by high amounts of illite and low amounts of smectite (Fig. 4.8.). The clay 




source area at that time. The low ratios of smectite/illite correspond to Hinds et al. 
(2004) concept. Also low smectite/illite ratio is associated “golden age” of climate which 
is equitable warm climate according to Abreu and Numedal (2007). 
However, a short-term and minor increase of smectite and decrease of illite 
occurred in the interval 1.0-2.1 m. This documents higher moisture availability, which 
likely delivered additional smectite from the provenance.  
Since the South Absheron Offshore Zone gets the sediments of the Upper 
Division from the Greater Caucasus (sub-chapter 4.1.1), changes in the clay mineral  
composition are believed to reflect climate changes in that area. The Upper Division of 
the PS is characterised by a mixed assemblage of smectite and illite (Fig. 4.9). 
Variations of the smectite/illite ratio probably document that the climatic conditions 
alternated between two different scenarios in the Greater Caucasus. Because illite is 
the result of physical weathering under arid climatic condition, the occurrence of high 
amounts of illite and low amounts of smectite and low smectite/illite ratios are 
consistent with arid climatic condition in the provenance area. The intervals rich in 
smectite document rather humid climatic conditions with prevailing chemical 






Fig. 4.9. Percentage distribution of the smectite and illite and normalized smectite/illite 
ratio (Sm./Il.) and normalized quartz/clay ratio (Qz./Clay) of the sediments of the Fasila 
Suite and Balakhany VIII sub-Suite from South Absheron Offshore Zone. 
 
 
4.2 Biogeochemical condition in the Productive Series 
 
Both TOC and TN contents reflect the amount of organic matter in the sediment 
(e.g. Wagner et al., 2006). High concentrations of TOC in the PS sediments document 




anoxic conditions contain more organic matter than those accumulated under oxidising 
conditions (Tyson,1995). TOC can be used for identification of changes in delivery 
rates of organic matter or preservation (Meyers and Lalier-Verges, 1999).  
The TOC/TN ratios can be used to distinguish between an aquatic and a 
terrestrial source of the organic material. A TOC/TN ratio <12 indicates an aquatic 
source, whereas a terrestrial source tends to have TOC/TN ratios > 12 (Tyson, 1995).  
The high TOC/TN ratios suggest that organic matter in some intervals is highly 
depleted in nitrogen. As the samples were taken from oil-gas fields, high ratios of 
TOC/TN (>35) suggesting that the sediments were impacted by oil (Tyson, 1995; Wang 2001).  
 
 
4.2.1 Lower Division 
Absheron Peninsula: The much higher TOC/TN ratios (>35) suggest that 
sediments of the Post Kirmaky Suite, the Kirmaky Suite and the Post Kirmaky Sand 
Suite were impacted by oil (Fig. 4.10). However the low TOC/TN ratios in some 
intervals of the Kirmaky Suite and the upper part of the Lower Division suggest an 
aquatic source for an organic matter. The low TOC content might indicate weak 
development of vegetation in the Russian Platform during arid climate conditions (sub-




4.2.2 Upper Division 
Absheron Peninsula: The low TOC suggest low productivity which might be 
explained by arid climatic condition in the Russian Platform (Fig. 4.11; sub-chapter 





Fig. 4.10. Smectite/Illite ratio (Sm./Il.) total organic carbon (TOC), total nitrogen (TN) 
and TOC/TN ratio of the sediments of the Productive Series from Absheron Peninsula. 
 
arid climatic period in the Russian Platform due to a weak vegetation cover the Palaeo-
Volga has not drained terrestrial organic matter into the Caspian Basin. 
 
Fig. 4.11. Surakhany/Illite ratios (Sm./Il.) total organic carbon (TOC), total nitrogen (TN) 




The low amount of the TOC in the Surakhany Suite might be explained by 
prevailed arid climatic condition in the Russian platform (sub-chapter 4.1.2). During 
warm climate at the Surakhany time weak vegetation cover were in the source area 
and Palaeo-Volga has not drained organic matter from the land. The low TOC/TN 
ratios suggest an aquatic organic matter.  
South Absheron offshore zone: The low values of TOC and TN in the Upper 
Division are associated with arid climatic conditions in the Greater Caucasus (Fig. 4.12; 
sub-chapter 4.1.2). Terrestrial organic matter has not been drained by the Palaeo- 
 
 
Fig. 4.12. Smectite/Illite ratios (Sm./Il.) total organic carbon (TOC), total nitrogen (TN) 
and TOC/TN ratio of the sediments of the Upper Division of the Productive Series from 




Samur River System. The low humidity climatic condition might development no strong 
vegetation in the Greater Caucasus. Hence, TOC/TN ratios suggest aquatic matter 
source for the Fasila Suite.  
Again, TOC/TN ratios are much higher (>35) which suggest that the sediment 







Based on clay mineral assemblages of both the Lower Division and the Upper 
Division of the Productive Series different sediment source areas were distinguished. 
The clay mineral assemblages of the Lower Division from the different working areas 
have the same composition which suggests a potential sediment source in the Russian 
Platform. The Russian Platform has been drained by the palaeo-Volga River system.  
The clay mineral assemblages of the Upper Division of the different working 
areas suggest that the clay minerals derived from different source areas. The clay 
mineral assemblage of the Upper Division from the Absheron Peninsula have a 
potential source in Russian Platform that has been drained by the Palaeo-Volga River.  
The clay mineral assemblages of the Upper Division of the South Absheron 
Offshore Zone suggest that the potential source for the sediments have been in the 
Greater Caucasus which was draining by the Palaeo-Samur River.  
Generally higher amounts of smectite in the Upper Division of the Baku 
Archipelago suggest that the sediments were delivered by the Palaeo-Kur River from 
the Lesser Caucasus. 
The high quartz/clay ratios indicate that the source for sediments of the Lower 
Division of the Productive Series is in quartz-rich basement rocks of the Precambrian 
and sedimentary rocks of the Jurassic and the Cretaceous. 
The low quartz/clay ratios suggest that the source for the Upper Division 
sediments are quartz poor rocks from Precambrian basement.  
The Lower Division of the Productive Series from the Absheron Peninsula 
shows occurrence of variation in smectite and illite concentrations. The high amount of 
illite indicate physical weathering under arid conditions and the intervals rich in smectite 




The Upper Division of the Productive Series from Absheron Peninsula is 
characterised by illite-dominated assemblage. The assemblages suggests physical 
weathering under arid conditions in the Russian Platform.  
The Upper Division of the Productive Series from the South Absheron Offshore 
Zone is characterised by alternation of smectite-rich and illite-rich intervals. The 
intervals rich in illite indicate arid conditions with prevailing physical weathering and the 
high amounts of smectite suggest chemical weathering under humid conditions in the 
Greater Caucasus.  
Biogeochemical composition of the Productive Series sediments from Absheron 
Peninsula and South Absheron Offshore Zone are believed to reflect climatic 
alternation in the Russian Platform and the Greater Caucasus. The low TOC content in 
the Productive Series is associated with arid climatic conditions in the source areas. 
During arid climatic conditions weak vegetation cover were in the source areas and the 
terrestrial organic materials have been discharged into the South Caspian Basin.  
The low TOC/TN ratios (<12) indicate an aquatic source for the organic matter. 
However the much higher TOC/TN ratios (>35) indicate that sediments of the 
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Appendix A. Data: X-ray diffraction of clay fraction 
A 1. Absheron Peninsula (Kirmaky Valley and Yasamal Valley) 
A 2. Surakhany Suite (Yasamal Valley) 
A 3. Absheron Archipelago 
A 4. South Absheron Offshore Zone (Shah Deniz) 
A 5. South Absheron Offshore Zone (Bahar) 
A 6. Baku Archipelago 
 
Appendix B. Data: X-ray diffraction of bulk mineralogy 
B 1. Absheron Peninsula (Kirmaky Valley and Yasamal Valley) 
B 2. Surakhany Suite (Yasamal Valley) 
B 3. Absheron Archipelago 
B 4. South Absheron Offshore Zone (Shah Deniz) 
B 5. South Absheron Offshore Zone (Bahar) 
B 6. Bakau Archipelago 
 
Appendix C. Data: Biogeochemistry of the sediments 
C 1. Absheron Peninsula (Kirmaky Valley and Yasamal Valley) 
C 2. Surakhany Suite (Yasamal valley) 









Appendix A 1. Data: X-ray diffraction of clay fractions; Absheron Peninsula 














































































Pre Kirmaky Suite 
1.0 27.7 45.5 19.8 7 1.5 0.6 0.6 1.25 0.65 
2.5 26 43.8 20.9 9.3 1.4 0.5 0.5 0.57 1.52 
3.5 15.6 52.4 28.6 3.5 1.5 0.6 0.5     
4.5 22.5 52.2 13.5 11.8 1.5 0.6 0.7     
5.7 23.7 49.3 22.2 4.8 1.5 0.5 0.6 0.92 1.02 
Kirmaky Suite 
6.3 28 46.4 17.8 7.8 1.6 0.6 1.1 0.85 1.29 
6.8 33 40 15.8 11.2 1.6 0.5 0.59 0.69 1.34 
9.8 26 48.2 20.9 4.9 1.7 0.5 0.62 0.38 3.11 
11.1 28.1 44.9 18.5 8.5 1.5 0.6 0.73 0.67 1.62 
12.7 26.9 50.8 16.4 6 1.6 0.7 0.47 0.45 2.51 
16.7 20 52.6 18.6 8.8 1.8 0.6 0.87 1.56 0.98 
25.2 4.6 63.9 23 8.6 1.1 0.6 0.8     
33.7 24.5 48.5 20.2 6.9 1.7 0.5 0.73 0.71 1.75 
37.7 35.2 37.2 15 12.6 1.8 0.6 0.92 2.11 0.41 
39.0 13.4 56.2 24.6 5.9 1.6 0.6 0.7     
40.7 19.8 50.4 20 9.9 1.7 0.6 0.74 2.81 0.55 
43.2 44.3 46.7 5.1 4 1.4 0.7 0.69 0.92 0.75 
44.2 43 33.4 9.8 13.8 1.8 0.6 0.74 1.47 0.48 
45.7 41 41.5 11.8 5.7 1.4 0.6 0.52 1.76 0.42 
47.2 25.2 55.5 12.3 7 1.5 0.7 0.47 1.64 0.74 

















































































50.2 40.3 38.5 11.7 9.5 1.7 0.6 0.66 1.48 0.51 
60.2 27.2 49.7 14.3 8.9 1.5 0.7 0.68 2.1 0.53 
61.2 32.5 51.3 11.1 5.1 1.7 0.8 0.57 3.12 0.3 
65.2 34.6 64.8 0.4 0.2 1.6 0.7 0.68 2.17 0.41 
66.2 37.8 40 21.3 0.8 1.7 0.6 0.74 1.48 0.54 
70.2 35.4 47.6 10.1 6.9 1.6 0.8 0.47 3.03 0.28 
72.2 47.1 35.8 10.2 7 1.6 0.8 0.48     
76.2 40.4 42.9 11.2 5.5 1.5 0.8 0.47 1.3 0.58 
77.2 23.1 57.2 15.2 4.6 1.6 0.7 0.59 0.62 2.14 
78.7 39.1 46 10 4.9 1.8 0.8 0.42 2.45 0.32 
79.7 27.3 49.1 17 6.6 1.9 0.7 0.83 2.47 0.45 
99.7 55.3 30.1 7.1 7.4 1.7 0.6 0.7 4.04 0.14 
149.7 35.8 44.1 11 9.1 1.7 0.7 0.59 2.48 0.34 
219.7 23.6 53.4 16.9 6.1 1.6 0.6 0.67 1.78 0.73 
224.7 22.2 54.1 15.4 8.3 1.3 0.5 0.6     
Post Kirmaky Sand Suite 
246.3 41.7 41.8 12.1 4.5 1.4 1 0.27 0.36 2.01 
256.0 49.1 31.2 15.1 4.6 1.6 0.5 0.61 0.21 2.92 
256.5 57.2 27.8 11.7 3.3 1.7 0.6 0.67 0.24 2.25 
257.2 60.8 23.5 10.8 4.8 2 0.5 1.12 0.4 1.24 
257.7 21.6 50.8 22.1 5.5 1.5 0.6 0.6     
257.9 40.4 45.9 10.6 3.1 1.5 0.9 0.31     
260.9 26.2 50.1 16.5 7.1 1.6 0.6 0.5     

















































































Post Kirmaky Clay Suite 
276.6 25.1 51.3 14.8 8.7 1.5 0.6 0.8     
277.6 5.6 62 21.6 10.8 1.4 0.7 0.74     
278.8 4.2 59.9 24.1 11.8 1.2 0.6 0.86 0.67 10.92 
279.8 10.3 59.8 19.2 10.7 1.4 0.6 0.74 0.89 3.32 
280.3 10.4 59.6 17.9 12.1 1.6 0.6 0.64 1.17 2.5 
293.3 15.7 62.4 14.7 7.1 1.5 0.7 0.55     
295.3 17.8 61.6 14 6.7 1.6 0.7 0.48     
Fasila Suite 
377.0 14.7 71.9 11.1 2.3 1.7 0.9 0.48 0.65 3.19 
380.0 6.4 80.1 11.5 2 1.3 0.8 0.43 0.31 31.63 
381.5 3.1 75.3 21 0.5 1.2 0.8 0.49 0.37 15.27 
382.5 5.4 73 15.7 6 1.5 0.8 0.47     
Balakhany Suite 
416.5 18.2 52.3 24.1 5.5 1.4 0.6 0.6     
421.5 33.1 43 14.5 9.4 1.6 0.5 0.6 0.87 0.78 
426.5 23.4 48.4 22.6 5.7 1.5 0.6 0.6 0.69 1.39 
466.5 20.3 51 19.7 9 1.5 0.6 0.6 1.12 0.98 
476.0 13.3 59.9 21.3 5.5 1.3 0.6 0.7 1.91 0.88 
496.3 4.9 62.4 21.3 11.3 1.2 0.5 0.5 1.18 1.04 
511.0 11.7 55.5 16.6 16.2 1.4 0.5 0.5 1.04 0.39 
517.0 2.9 58.1 23.4 15.7 1.2 0.5 0.9 0.85 1.27 
523.0 7.3 61 21.6 10.2 1.4 0.5 0.7 1.09 0.65 

















































































535.0 2.6 57.3 23.2 16.9 1 0.4 0.8 0.91 1.52 
556.3 3.4 74.9 15.3 6.4 1.1 0.6 0.6 0.64 0.83 








































































































0.2 4 66.8 20.3 8.5 1.1 0.7 0.67 1.09 2.1 
0.25 3.3 71 18.2 7.5 2.9 0.8 0.62 1.14 2.65 
0.3 4.5 67.1 19.6 8.8 1.2 0.8 0.6 0.96 2.33 
0.35 5.2 65.6 19.9 9.4 1.3 0.7 0.6 1.17 1.68 
0.4 2.3 67.1 24.9 5.6 1.2 0.6 0.6 1 4.38 
0.45 2.6 65.6 24.1 7.7 1.8 0.7 0.78 0.53 7.2 
0.5 6.2 93 0.5 0.3 1.2 0.7 0.65 0.77 2.12 
0.55 6.7 60 23.3 10 1.9 0.6 0.91 0.74 2.03 
0.6 7.4 62.4 20.9 9.3 1.6 0.7 0.65 0.77 1.76 
0.65 1.9 68 20.8 9.4 1.2 0.7 0.67 1.13 4.82 
0.7 2.3 67.4 22 8.2 1.2 0.8 0.63 0.77 5.63 
0.75 4 60 21.3 14.6 1.8 0.7 0.73 1.01 2.48 
0.8 1.8 65.6 21.4 11.2 0.7 0.6 0.63 1.05 5.42 
0.85 7.2 60.3 20.8 11.7 1.7 0.7 0.75 0.91 1.54 
0.9 2.2 62.6 22 13.3 1.3 0.7 0.84 1.11 4.22 
0.95 3.5 61.8 20 14.7 1.2 0.6 0.69 1.06 2.72 
1 43.8 34 15.8 6.3 1.6 0.6 0.79 0.64 0.36 
1.05 40.6 40.1 18.6 0.7 1.5 0.7 0.53 1.17 0.21 
1.1 5.1 61.5 24.3 9 1.6 0.7 0.79 1.1 1.79 
1.15 4.3 91 3.4 1.3 1.9 0.7 0.79 0.61 3.85 
1.2 11.4 59 19.6 10 1.6 0.7 0.46 0.65 1.38 
1.25 13.3 86 0.5 0.2 1.6 0.7 0.55 0.54 1.42 

















































































1.35 31.5 39.6 14 14.8 1.9 0.6 0.64 0.92 0.35 
1.4 24.9 43.7 18.5 12.9 1.8 0.6 0.64 0.98 0.42 
1.45 25 45.1 12.4 17.5 1.5 0.7 0.47 0.89 0.46 
1.5 4.5 67.5 19.8 8.2 1.4 0.7 0.7 0.85 2.64 
1.55 30 41.5 11.6 17 1.6 0.6 0.5 1.16 0.29 
1.6 3.1 66.1 21.9 8.9 1.2 0.7 0.72 0.74 4.32 
1.65 33.2 37.5 9.3 20 1.6 0.6 0.65 1.15 0.27 
1.7 19 50.8 18.5 11.7 2 0.7 0.57 0.81 0.66 
1.75 2.3 67.9 20.7 9 1.4 0.8 0.59 0.92 4.67 
1.8 24.4 48.2 15.7 11.7 1.5 0.6 0.6 1.11 0.37 
1.85 26.9 44 17.6 11.4 1.5 0.6 0.66 1.51 0.25 
1.9 27.5 43.8 14.7 13.9 1.5 0.6 0.68 1.51 0.24 
1.95 37.6 35.9 9.9 16.6 1.8 0.6 0.53 1.43 0.19 
2 29.7 41.3 13.3 15.8 1.5 0.6 0.64 1.09 0.31 
2.05 17.3 54.4 16.2 12.1 1.5 0.7 0.6 1.25 0.47 
2.1 2.5 67.1 21.9 8.5 1.4 0.6 0.61 0.98 4.11 
2.15 8.7 87.3 2.9 1.2 1.5 0.7 0.5 0.79 1.47 
2.2 9.2 61.1 29.1 0.7 1.9 0.7 0.7 1.13 0.98 
2.25 6.6 58.9 22.2 12.3 1 0.6 0.73 0.96 1.6 
2.3 13.6 52.5 22.5 11.3 2 0.6 0.92 1.26 0.59 
2.6 9.4 57.1 22 11.5 1.7 0.6 0.77 3.46 0.31 
2.65 5.9 61.3 19.8 13 1.3 0.6 0.7 1.19 1.45 
2.7 3.5 61.3 21.5 13.7 1.4 0.6 0.78 1.23 2.34 

















































































2.8 3.4 63.6 21.4 11.6 1.2 0.7 1 1.24 2.42 
2.85 3.7 64.6 21.6 10.2 1.3 0.7 0.64 1.13 2.44 
2.9 3.9 62.8 22.9 10.4 1.7 0.6 0.81 1.02 2.56 
2.95 1.4 68.6 20.1 9.8 1.2 0.8 0.56 1.31 5.52 
3 2.2 64.2 23.4 10.1 1.3 0.7 0.66 1.09 4.16 
3.05 1.8 62.6 21.2 14.4 1.1 0.6 0.73 0.88 6.54 
3.1 2.1 67.5 22.8 7.5 1.2 0.8 0.57 1.14 4.15 
3.4 10.4 55.2 21.1 13.3 1.6 0.6 0.69 0.98 0.99 
3.45 2.3 65.2 25.2 7.3 1.5 0.8 0.53 0.82 5.3 
3.5 3 64.5 24.5 8 1.5 0.7 0.71 0.98 3.42 
3.55 2.7 67.8 21.1 8.4 1.3 0.8 0.61 0.97 3.9 
3.6 2.4 96.8 0.6 0.2 1 0.7 0.58 0.71 6.03 
4.95 23.7 47.2 18.6 10.5 1.8 0.6 0.72 0.98 0.44 
3.7 1.2 67.9 21.2 9.7 1.3 0.8 0.67 1.07 8.02 
3.85 8.2 56.7 22.9 12.3 1.5 0.6 0.9 1.15 1.08 
4.35 3.8 65.7 22.8 7.7 1.5 0.7 0.65 1.22 2.2 
4.4 11.2 57.3 21 10.5 1.5 0.7 0.66 1.08 0.84 
4.6 3.7 65.9 21.2 9.1 1.3 0.8 0.68 0.6 4.57 




























































































Post Kirmaky Clay Suite 
800-805 45.2 39.4 5.8 9.6 0.8 1.7 0.35 2.19 0.33 
Post Kirmaky Sand Suite 
5014-5020 33 49.1 11.7 6.2 0.6 1.6 0.5 1.48 0.67 
Kirmaky Suite 
563-568 40.3 38.1 8.7 12.9 0.7 1.6 0.43 2.26 0.36 
891-896 17 57.9 16.3 8.8 0.6 1.6 0.66 1.74 1.1 
900-907 18.8 64.1 11.6 5.5 0.8 1.6 0.43  - 
 922-927 46.3 36.2 7.2 10.3 0.6 1.8 0.54 2.58 0.27 
1079-1084 16.3 52.1 27.8 3.8 0.6 1.5 0.55 0.16 12.5 
1093-1103 27.7 45.2 15.3 11.9 0.7 2 0.49 1.86 0.63 
1135-1140 38.3 41.3 8.2 12.3 0.7 1.7 0.44 2.15 0.39 
Pre Kirmaky Suite 
1072-1076 47.2 34.2 8.2 10.5 0.7 1.7 0.42 2.18 0.32 
1152-1163 26.4 53.8 12.6 7.2 0.7 1.6 0.46 1.18 1.04 
1260-1265 29.1 48.2 10.5 12.2 0.7 1.6 0.39 2.02 0.55 
1449-1455 27.4 50.3 11.7 10.6 0.8 1.6 0.32 0.39 3.02 
Kala Suite 
1335-1339 36 60.5 3.5 0 0.9 1.7 0.27 2.34 0.39 
1454-1457 35.3 44.8 9 10.9 0.8 1.6 0.38 2.58 0.36 
1552-1557 45 34.2 9.2 11.6 0.6 1.7 0.47 2.35 0.31 
1577-1582 36.9 37.5 11.5 14.1 0.6 1.7 0.6 1.47 0.6 






















































































1615-1620 17.5 57.2 19.5 5.8 0.6 1.7 0.65  - 















































































































Balakhany VIII sub-suite 
5913.08 36.7 37.7 19.3 6.4 1.4 0.6 0.65 1.89 1.6 
5914.4 38.7 40.1 15 6.1 1.4 0.6 0.54 1.06 0.9 
5915.18 34.3 43.9 13.7 8.1 1.2 0.7 0.47 0.96 0.9 
5916.5 26.2 49.1 15.8 8.9 1.9 0.9 0.02 0.64 0.8 
5922.09 33 45.5 8.6 12.9 1.6 0.7 0.37 0.71 0.7 
5922.25 28.7 41.4 10.7 19.2 1.9 0.7 0.74 0.7 0.8 
5922.25 31.7 43.5 14.7 10.1 1.3 0.6 0.63 0.9 0.9 
5923.18 23.8 52.7 12.9 10.6 1.5 0.7 0.39 0.87 1.1 
5923.22 26.9 48.1 15.8 9.3 1.7 0.6 0.76 1.01 1.2 
5923.25 28.3 43.8 11.6 16.3 1.8 0.7 0.58 1.06 1.2 
5923.28 24 48.8 17.5 9.6 1.4 0.6 0.72 0.75 1 
5923.33 19.3 57.4 16.7 6.6 1.3 0.7 0.52 1.29 2.1 
5923.37 16.4 56.2 19.9 7.5 1.3 0.6 0.63 0.56 1.1 
5923.5 3.6 61.7 25.5 9.2 1.1 0.6 0.71 1.22 10.4 
5924.04 30.4 42.4 11.8 15.4 1.9 0.6 0.6 1.02 1 
5924.11 37.8 36.3 10.6 15.3 1.9 0.6 0.82 0.96 0.8 
5924.22 44.1 36 8.4 11.5 1.5 0.7 0.37 0.72 0.5 
5924.47 24 46.5 12 17.5 1.5 0.6 0.6 0.69 0.9 
5924.59 22 54.8 10.4 12.9 1.6 0.7 0.41 0.87 1.2 
5925.24 33.8 42.2 9.8 14.3 1.6 0.7 0.42 0.63 0.6 






















































































5927.33 32.9 37.1 13.6 16.4 1.6 0.6 0.65 0.93 0.9 
5927.41 36.2 35.2 11.7 16.8 2 0.6 1.01 0.75 0.6 
5928.06 28.9 42.9 14.4 13.8 1.6 0.6 0.63 0.99 1.1 
5928.12 27.9 45.2 11.8 15.2 1.9 0.6 0.73 0.98 1.1 
5928.19 21.2 52.6 13.8 12.4 1.5 0.6 0.61 1.07 1.6 
5928.36 32.8 43.2 11.5 12.5 2 0.6 0.61 0.8 0.8 
5928.55 25.5 48.5 11.5 14.6 1.5 0.6 0.56 0.87 1.1 
5929.09 25.9 48.8 10.9 14.3 1.7 0.6 0.48 0.78 0.9 
5929.35 36.9 45.2 11.3 6.6 1.2 0.6 0.44 0.83 0.7 
5929.45 27.1 45.7 13.3 14 1.5 0.6 0.56 0.77 0.9 
5929.55 19.5 57.8 12.8 9.9 1.4 0.6 0.62 0.92 1.5 
5930.39 40 41.8 18 0.2 1.4 0.6 0.48 0.71 0.5 
5930.54 24.4 50.4 14.8 10.5 1.6 0.6 0.66 1.03 1.3 
5930.59 15.9 58.7 14.9 10.6 1.7 0.6 0.61 0.73 1.4 
5932.51 38.3 40.2 9 12.5 1.6 0.6 0.41 0.62 0.5 
5932.6 32.8 42.6 10.3 14.3 1.5 0.6 0.49 0.65 0.6 
5970.32 31.6 43.2 19.9 5.4 1.4 0.6 0.43 2.6 2.6 
5971.33 38.7 41.3 14.5 5.4 1.5 0.7 0.36 1.02 0.8 
5972.35 35.9 39.8 18 6.2 1.3 0.5 0.64 1.58 1.4 
5973.35 45.8 31.4 14.9 8 1.5 0.5 0.6 1.37 0.9 
5974.35 36.8 36.2 17.5 9.6 1.6 0.5 0.62 2.08 1.8 
5975.35 24.2 52.3 14 9.6 1.2 0.6 0.51 1.11 1.4 
5976.35 35.6 41.4 16.7 6.4 1.4 0.6 0.65 1.11 1 






















































































5978.68 30.2 47 18.8 4 1.3 0.5 0.67 1.18 1.2 
5979.57 37.5 36.9 20 5.6 1.6 0.6 0.47 1.45 1.2 
5980.65 32.3 39.6 20.8 7.2 1.6 0.5 0.73 1.83 1.8 
5981.66 33 45.1 15.4 6.4 1.4 0.7 0.44 1.54 1.5 
5982.67 37.5 41.2 13.6 7.7 1.7 0.6 0.66 1.06 0.9 
5983.67 28.6 36.7 20 14.6 1.4 0.5 0.53 6.73 7.3 
5984.64 27.2 42.7 22.6 7.5 1.7 0.6 0.7 2.95 3.4 
5985.67 32.9 40.2 12.3 14.7 1.4 0.6 0.57 0.71 0.7 
5986.65 34.7 41.9 8.7 14.7 1.6 0.7 0.52 0.64 0.6 
5987.68 30.8 44.4 15.9 9 1.5 0.6 0.69 1 1 
5988.65 36.3 37.2 20 6.5 1.6 0.5 0.66 2.39 2 
5989.65 30.1 44.9 17.5 7.4 1.3 0.6 0.58 1.58 1.6 
5990.63 29.6 44.1 19.9 6.3 1.4 0.6 0.62 2.04 2.1 
5991.67 30.3 42.2 20.9 6.7 1.6 0.5 0.65 1.54 1.6 
5992.61 36.6 38.3 19 6 1.3 0.6 0.54 0.77 0.6 
5993.64 36.7 36.2 17.9 9.2 1.5 0.5 0.68 1.52 1.3 
5994.63 37.2 37.5 17 8.3 1.5 0.6 0.76 1.64 1.4 
5996.15 39 40.7 12 8.4 1.6 0.6 0.66 0.65 0.5 
5996.38 41.9 37.1 8.2 12.8 1.8 0.6 0.54 0.77 0.6 
5996.47 35.5 45.3 7 12.2 1.5 0.7 0.42 0.71 0.6 
5996.57 39.1 36.7 10.2 14 1.7 0.6 0.61 0.65 0.5 
5997.15 34 45.7 9.5 10.9 1.6 0.6 0.72 0.81 0.7 
5997.25 23 50 10.7 16.3 1.7 0.6 0.68 0.7 1 























































































6382.31 35.5 41.9 15.7 6.9 1.5 0.6 0.71 0.74 0.6 
6382.36 28.2 51.6 12.3 7.9 1.5 0.7 0.36 0.56 0.6 
6382.42 28.1 47.7 7.7 16.6 1.5 0.7 0.26 0.41 0.5 
6382.47 21.9 52.3 10.7 15 1.9 1 0.46 1.11 1.6 
6383.52 20.5 55.5 14.7 9.2 1.5 0.7 0.45 0.37 0.6 
6384.12 36 46.2 13.8 3.9 1.5 0.6 0.64 0.88 0.8 
6384.18 22.5 52.3 15.6 9.6 1.5 0.6 0.7 0.79 1.1 
6384.25 20 55.4 15.4 9.2 1.5 0.7 0.51 0.51 0.8 
6385.35 25.3 40.7 24.7 9.3 1.6 0.6 0.66 0.84 1 
6386.12 29 44.8 9.5 16.7 1.7 0.7 0.71 0.7 0.7 
6386.41 24.4 47.7 19.9 8 1.6 0.6 0.61 0.59 0.7 
6386.44 25 46.9 19.1 9 1.7 0.6 0.78 0.82 1 
6386.46 21 52.7 10.2 16.1 1.7 0.7 0.37 0.53 0.8 
6386.52 23.4 65.2 8.5 3 1.5 0.8 0.35 0.72 0.9 
6387.16 31.6 47.9 8.3 12.2 1.7 0.8 0.43 0.61 0.6 
6387.23 28.1 46.3 8.9 16.7 1.8 0.7 0.47 0.71 0.8 
6387.32 27.4 46.7 9 16.9 1.7 0.7 0.47 0.71 0.8 
6387.38 26.4 52.3 8.7 12.6 1.4 0.8 0.33 0.69 0.8 
6387.38 29.4 50.8 8.3 11.4 1.6 0.8 0.39 0.57 0.6 
6387.51 29.5 46.5 11 13 1.9 0.7 0.52 0.65 0.7 
6388.17 17.3 61.8 12.9 8.1 1.4 0.7 0.53 0.7 1.3 
6388.22 22.2 56.4 13.2 8.2 1.5 0.6 0.41 0.76 1.1 






















































































6390.1 22.7 45 27 5.3 1.9 0.6 0.63 0.71 1 
6390.32 14.8 45 31.3 9 1.6 0.6 0.68 0.86 1.8 
6391.18 17.4 41.4 33.7 7.6 2.5 0.5 0.68 1.55 2.8 
6395.19 36.5 46.3 11.6 5.6 1.4 0.6 0.49 0.52 0.4 
6395.23 32 49.4 12 6.6 1.7 0.7 0.53 0.68 0.7 
6395.26 35 44.6 12.3 8.1 2.1 0.6 0.61 0.69 0.6 
6395.31 27.7 50.2 17.6 4.5 0.9 0.5 0.58 1.16 1.3 
6395.36 29.7 48.3 17.8 4.1 1.4 0.6 0.65 0.95 1 
6395.48 27.5 48 11.4 13.1 1.8 0.6 0.57 0.64 0.7 
6398.16 44.7 41.4 8.4 5.6 1.7 0.7 0.47 0.72 0.5 
6398.2 36.9 40.3 10.6 12.2 1.6 0.6 0.65 0.75 0.6 
6398.25 41.5 40.4 8 10.1 1.7 0.6 0.61 1.38 1 
6398.35 43.9 37.7 7.4 11 1.7 0.6 0.63 0.6 0.4 
6398.42 44.3 41.9 11.3 2.4 1.8 0.6 0.52 0.97 0.7 
6401.21 27.7 49.5 10 12.7 1.6 0.7 0.6 1 1.1 
6401.24 33.8 45.9 9.2 11 1.5 0.7 0.4 0.7 0.6 
6401.37 40 42.8 6.9 10.3 1.6 0.7 0.48 0.72 0.6 
6401.43 32.3 46.2 8.2 13.2 1.6 0.7 0.57 0.66 0.6 
6401.47 31.2 52.5 6.5 9.9 1.4 0.7 0.31 0.76 0.8 
6401.58 41 40.4 9.9 8.8 1.6 0.5 0.57 0.8 0.6 




























































































3205-3210 40.7 40.8 9.4 9.2 0.7 1.5 0.41 0.86 0.9 
3259-3263 41.2 35.1 12.5 11.2 0.6 1.7 0.62 1.41 0.6 
Balakhany Suite 
3735-3738 2.8 53.8 38.7 4.8 0.5 0.6 0.42 0.07   
3923-3926 37.2 36.7 16 10.1 0.5 1.5 0.53 0.68 1.3 
3924-3926 22.8 35 15.8 26.4 0.5 1.4 0.66 0.9 1.6 
4343-4350 28.4 39.8 2.2 29.5 0.7 1.5 0.45    
3996-3999 36.4 38 16.9 8.7 0.7 1.7 1.0 1.6 0.6 
4232-4238 36.2 27.4 24.9 11.5 0.6 1.8 0.67 0.56 1.6 
4359-4364 27.8 34.3 25.6 12.3 0.5 1.5 0.55 0.75 1.6 
4702-4707 19.7 41.2 12.1 27 0.6 1.4 0.47    
4269-4273 29.6 33.4 25 12 0.7 1.5 0.81    
4580-4585 23.8 35.6 29 11.6 0.5 1.6 0.63 0.68 2 
4598-4602 25.9 52.6 11.9 9.5 0.7 1.4 0.42    
4620-4625 33.7 45.2 13.4 7.7 0.7 1.4 0.39 1.39 0.7 
Fasila Suite 
4556-4572 3.8 66 29.2 1 0.6 0.9 0.35 0.07   
5080-5085 31.2 34.2 20.4 14.2 0.6 1.5 0.55 1.6 0.7 
Post Kirmaky Clay Suite 
4818-4823 36.8 39.9 9.5 13.8 0.6 1.3 0.54 1.33 0.7 






















































































5542-5545 30.1 41.1 11.1 17.6 0.6 1.6 0.61 1.48 0.7 
Post Kirmaky Sand Suite 
4818-4823 35.4 34.4 16.7 13.5   2 0.69 0.84 1.1 
Pre Kirmaky Suite 











































































































2386-2391 40.7 44.9 9.7 4.6 1.7 0.9 0.3  -   
3157-3160 31.9 48.8 16.6 2.7 1.6 0.6 0.5  -   
3875-3880 37.7 32.4 19.5 10.4 1.5 0.7 0.4 1.27 0.91 
Sabunchu Suite 
3831-3836 55.0 28.2 12.5 4.3 1.7 0.6 0.6 1.10 0.72 
42354240 47.8 40.0 10.4 1.8 1.9 0.9 0.3 1.11 0.82 
4903-4908 47.1 36.3 10.0 6.6 1.6 0.8 0.4  -   
5527-5532 32.8 40.6 15.5 11.1 1.6 0.6 0.6 1.0 1.33 
Balakhany Suite 
3419-3422 54.1 34.2 3.9 7.9 1.3 0.9 0.3 1.06 0.76 
3710-3714 72.9 13.3 8.4 5.4 1.7 0.6 0.6 1.18 0.50 
4697-4702 37.3 40.9 16.8 5.0 1.3 0.7 0.4 1.45 0.80 
4818-4824 44.8 38.2 13.5 3.5 1.3 0.7 0.4 0.65 1.51 
4950-4956 54.5 28.1 11.4 6.0 1.5 0.6 0.5 0.67 1.18 
5030-5035 47.4 35.8 12.8 4.0 1.8 0.7 0.5 0.6 1.52 
5100-5105 34.0 26.3 30.6 9.2 1.4 0.7 0.5 1.38 0.93 
5116-5119 30.1 50.0 12.7 7.2 1.4 0.8 0.4 1.15 1.26 
5129-5133 51.7 31.1 12.9 4.3 1.5 0.6 0.7 0.88 0.95 
5150-5155 29.6 45.3 14.1 11.1 1.7 0.6 0.5 1.17 0.26 
5175-5180 44.2 36.7 13.0 6.2 2.0 0.6 0.8 1.0 0.98 
Fasila Suite 






















































































5382-5388 47.0 37.0 13.0 3.0 1.2 0.6 0.6 0.71 1.31 
5640-5645 55.1 27 15.7 2.1 1.5 0.5 0.6 1.0 0.79 
Post Kirmaky Clay Suite 
5416-5421 27.5 51.7 13.2 7.6 1.4 0.6 0.5 0.87 1.11 
5493-5421 30.1 50 12.7 7.2 1.4 0.8 0.4 1.15   
Kala Suite  





















Appendix B 1. Data: X-ray diffraction of bulk mineralogy; Absheron Peninsula (Kirmaky 















































































Pre Kirmaky Suite 
1.0 7.16 1.06 1.47 1.39 2.68 
2.5 2.02 0.85 2.57 3.04 2.17 
3.5 4.24 0.77 1.13 1.47 1.52 
4.5 1.97 0.36 1.41 3.94 2.6 
5.7 3.56 0.7 0.49 0.71 5.53 
Kirmaky Suite 
25.2 0.96 0.3 1.42 4.68 1.58 
39.0 3.39 0.38 3.44 8.97 0.25 
49.2 1.31 0.13 1.13 8.88 2.65 
149.7 1.51 0.17 1.28 7.58 3.39 
219.7 1.76 0.26 1.2 4.61 3.03 
224.7 2.83 0.55 3.22 5.9 2.48 
Post Kirmaky Sand Suite 
246.3 4.03 0.04 0.1 2.25 1.29 
256.0 3.89 0.31 0.19 0.6 2.21 
256.5 0.98 0.16 0.77 4.95 1.63 
257.2 2.49 0.68 1.05 1.55 2.81 
257.7 2.09 0.31 1.22 4.01 1.68 


















































































Post Kirmaky Clay Suite 
276.3 2.43 0.66 1.07 1.61 3.63 
276.6 1.75 0.3 1.61 5.3 2.7 
279.8 2.07 0.29 1.34 4.59 3.02 
295.3 1.31 0.23 1.64 7.24 2.36 
      
Fasila Suite 
377.0 3.45 0.4 3.45 8.55 2.53 
380,0 3.04 0.9 3.04 3.37 4.03 
Balakhany Suite 
416.50 1.51 0.21 1.33 6.45 2.31 
421.50 2.54 0.58 2.72 4.69 2.67 
426.50 2.53 0.22 1.9 8.45 2.17 
466,50 1.75 0.26 1.32 5.12 0.87 
476.0 1.72 0.17 1.65 9.61 4.3 
496.3 2 0.55 1.54 2.82 2.9 
511.0 1.61 0.34 0.85 2.51 2.8 
517.0 1.71 0.22 1.48 6.72 1.91 
523.0 2.1 0.24 1.96 8.02 1.91 
529.0 2.14 0.34 2.14 6.36 0.98 
535.0 1.53 0.32 1.17 3.62 1.26 
556.3 1.93 0.1 1.68 16.23 2.59 


















































































569.3 1.32 0.37 1.5 4.09 1.47 
579.3 1.41 0.13 1.12 8.63 2.12 
636.3 0.97 0.32 0.77 2.46 2.96 
639.3 1.53 0.21 1.15 5.54 2.17 
646.3 1.56 0.21 1.54 7.29 2.03 
651.3 1.38 0.24 1.61 6.79 1.84 
658.3 1.71 0.44 1.33 2.99 2.92 
663.3 1.28 0.25 1.26 4.96 2.27 
696.3 1.14 0.34 1.09 3.21 1.51 















































































0.65 1.13 1.02 0.23 1.01 
1.3 1.45 0.98 0.14 1.25 
2.15 1.55 1.15 0.13 1.9 
























































































Post Kirmaky Clay Suite 
800-805 1.91 0.34 1.35 2.08 
Post Kirmaky Sand Suite 
5014-5020 2.81 2 1.56 2 
Kirmaky Suite 
563-568 2.29 0.4 1.04 1.88 
891-896 0.91 0.25 0.7 2.07 
900-907 0.59 0.23 0.68 14.1 
922-927 1.04 0.29 0.73 2.93 
1079-1084 4.55 0.23 0.61 2.58 
1093-1103 1.99 0.17 0.66 3.17 
1135-1140 0.9 0.27 0.57 3.03 
Pre Kirmaky Suite 
1072-1076 1.9 0.34 1.34 2.25 
1152-1163 0.78 0.18 0.41 1.39 
1260-1265 1.13 0.18 0.64 2.18 
1449-455 1.72 0 0 3.42 
1335-1339 0.72 0.37 0.62 0.47 
1454-1457 1.23 0.49 0.85 1.99 
1552-1557 0.93 0.28 0.49 3.34 
Kala Suite 
1577-1582 2.76 0.88 1.47 1.97 
1604-1609 1.26 0.29 0.7 2.32 
1615-1620 4.11 1.36 2.23 2.49 













































































Balakhany VIII sub-suite 
5922.25 1.37 0.14 0.69 1.77 
5925.24 1.37 0.2 0.72 0.95 
5928.52 1.36 0.41 0.94 1.59 
5930.54 1.26 0.19 1.15 1.14 
5970.32 4.01 2.9 1.69 2.04 
5972.35 4.23 0.44 1.15 4.18 
5975.35 2.3 0.29 1.04 1.81 
5985.67 3.06 1.79 0.81 1.2 
5990.63 3.72 1.3 2.6 1.62 
Fasila Suite 
6385.35 2.91 1.4 0.88 2.12 
6386.46 0.49 0.13 0.36 0.52 
6390.32 2.8 0.12 2.07 2.75 















































































3205-3210 2.12 0.4 1.67 3.22 
3259-3263 6.26 2.42 4.02 3.01 
Balakhany Suite 
3735-3738 4.58 0.91 3.71 0.85 
3923-3926 2.98 0.7 2.17 4.93 
3924-3926 3.22 1.15 2.18 8.28 
3996-3999 3.53 5.13 1.94 2.37 
4232-4238 4.04 0.56 1.47 1.85 
4359-4364 4.14 0.58 0.55 2.81 
4702-4707 5.32 0.69 1.27 5.89 
4269-4273 4.47 0.2 1.28 4.9 
4580-4585 4.48 0.13 1.56 2.42 
4598-4602 26.02 0.26 2.01 1.61 
4620-4625 4.03 0.29 1.71 3.89 
Fasila Suite 
4556-4572 4.94 0.11 0.5 1.97 
5080-5085 3.63 0.44 1.13 2.18 
Post Kirmaky Clay Suite 
4818-4823 2.85 0.35 1.51 3.17 






































































5542-5545 1.97 0.35 3.69 1.17 
Post Kirmaky Sand Suite 
4818-4823 8.39 0 0.73 1.46 
Pre Kirmaky Suite 


























































































2386-2391 2.23 0.43 1.77 1.83 
3875-3880 1.29 0.31 1.51 3.89 
Sabunchy Suite 
3831-3836 1.13 0.39 0.89 2.47 
42354240 4.67 0.4 1.3 3.38 
4903-4908 0.94 0.59 1.04 1.65 
5527-5532 1.22 0.22 1.13 3.56 
Balakhany Suite 
3419-3422 1.68 0.13 1.8 3.2 
4697-4702 1.11 0.26 0.95 2.19 
4818-4824 1.84 0.51 2.4 1.11 
4950-4956 2.06 0 1.87 1.14 
5030-5035 1.22 0 1.4 3.2 
5100-5105 0.71 0.2 0.58 3.47 
5116-5119 1.37 0.32 1.46 2.21 
5129-5133 1.6 0.39 2.62 2.46 
5175-5180 1.54 0 1.79 4.04 
Fasila Suite 
5050-5053 1.9 0.61 1.79 1.59 
5382-5388 1.84 0.51 2.4 1.11 






































































Post Kirmaky Clay Suite 
5493-5421 1.07 0.19 1.33 1.68 
     
Kala Suite 





















Appendix C 1. Data: Biogeochemistry of the sediments; Absheron Peninsula (Kirmaky 
























































































Pre Kirmaky Suite 
1.0 4.70 0.55 0.02 0.05 10.89 22.57 
2.5 26.71 1.81 0.05 0.23 7.95 39.11 
3.5 19.67 2.11 0.05 0.10 21.12 39.88 
4.5 10.84 1.06 0.10 0.14 7.51 10.79 
5.7 25.85 0.60 0.02 0.40 1.48 34.55 
Kirmaky Suite 
6.3 12.21 0.92 0.03 0.58 1.59 29.98 
6.8 8.35 2.54 0.06 0.18 14.50 42.46 
9.8 11.23 1.24 0.03 0.11 11.63 40.39 
11.1 11.78 1.79 0.03 0.10 18.00 60.92 
12.7 9.39 1.79 0.02 0.08 21.95 80.96 
16.7 8.50 0.85 0.09 0.10 8.64 9.27 
25.2 7.58 1.08 0.21 0.16 6.89 5.21 
33.7 10.86 2.01 0.03 0.10 19.26 70.37 
37.7 9.42 0.90 0.07 0.15 5.93 13.88 
39.0 24.64 2.32 0.06 0.10 23.23 38.42 
40.7 8.87 0.64 0.09 0.20 3.25 6.91 
43.2 9.87 1.85 0.03 0.13 13.79 63.52 
44.2 9.15 0.94 0.08 0.17 5.41 12.49 
45.7 9.35 1.19 0.03 0.12 10.19 35.21 
47.2 11.34 0.57 0.07 0.16 3.60 8.08 
49.2 9.48 0.74 0.08 0.08 9.62 8.68 
50.2 11.27 0.74 0.07 0.35 2.10 10.15 
60.2 7.43 0.85 0.10 0.19 4.56 8.80 
61.2 8.40 0.98 0.08 0.13 7.85 12.79 
65.2 9.41 0.59 0.07 0.15 4.02 8.26 
66.2 9.57 0.52 0.06 0.16 3.28 8.05 
70.2 8.35 1.49 0.08 0.17 8.76 19.10 
72.2 6.70 0.88 0.06 0.21 4.17 13.63 
76.2 10.62 2.15 0.03 0.15 14.52 69.44 
77.2 12.47 1.86 0.04 0.07 25.94 45.17 
78.7 10.50 1.11 0.03 0.06 17.76 36.72 



























































































99.7 10.05 0.47 0.06 0.12 3.76 7.95 
149.7 11.84 0.43 0.05 0.14 3.05 8.16 
219.7 5.58 1.14 0.03 0.12 9.39 38.35 
224.7 9.13 1.25 0.04 0.09 13.91 28.96 
Post Kirmaky Sand Suite 
256.0 7.97 0.13 0.00 0.16 0.82 30.29 
256.5 17.86 0.11 0.02 0.12 0.89 4.39 
257.2 10.93 0.11 0.02 0.14 0.79 5.97 
257.7 29.90 3.77 0.13 0.30 12.45 29.75 
257.9 3.88 0.08 0.01 0.09 0.80 5.94 
260.9 18.68 1.74 0.07 0.11 15.52 23.54 
Post Kirmaky Clay Suite 
276.3 6.05 0.54 0.02 0.10 5.16 23.43 
276.6 11.30 0.30 0.06 0.16 1.89 4.85 
277.6 10.20 0.24 0.04 0.15 1.63 6.64 
278.8 10.79 0.30 0.05 0.09 3.26 6.46 
279.8 10.26 0.34 0.05 0.11 3.15 6.44 
280.3 10.32 0.35 0.07 0.10 3.41 5.22 
293.3 8.53 0.40 0.07 0.69 0.58 5.56 
295.3 7.70 0.51 0.08 0.26 1.94 6.44 
Fasila Suite 
377.0 8.84 0.22 0.02 0.08 2.91 12.16 
380.0 14.11 0.17 0.02 0.07 2.47 7.69 
381.5 6.75 0.09 0.02 0.08 1.11 5.78 
382.5 11.38 0.05 0.01 0.06 0.82 4.46 
Balakhany Suite 
416.5 16.40 1.39 0.08 0.08 17.99 17.59 
4215 7.92 1.93 0.06 0.10 19.08 33.26 
426.5 20.08 1.85 0.09 0.09 20.49 20.72 
466.5 19.97 1.55 0.07 0.17 9.05 22.02 
476.0 18.89 0.74 0.04 0.09 8.55 17.39 
496.3 8.46 0.18 0.05 0.12 1.50 3.46 
511.0 8.71 0.22 0.06 0.08 2.87 3.34 
517.0 5.44 0.30 0.07 0.05 6.02 4.56 


























































































529.0 3.77 0.23 0.06 0.08 2.77 3.97 
535.0 1.59 0.58 0.09 0.05 11.50 6.23 
556.3 0.63 0.66 0.09 0.05 12.86 7.40 
561.3 5.89 0.33 0.09 0.09 3.75 3.76 
569.3 4.47 0.30 0.09 0.08 3.66 3.39 
579.3 4.98 0.38 0.08 0.06 6.65 4.61 
636.3 8.41 0.25 0.07 0.12 2.08 3.54 
639.3 4.95 0.35 0.09 0.07 5.12 4.03 
646.3 5.59 0.28 0.07 0.06 4.70 4.11 
651.3 6.02 0.28 0.07 0.05 5.03 4.21 
658.3 6.05 0.31 0.08 0.06 5.42 3.84 
663.3 5.93 0.29 0.09 0.08 3.56 3.30 
696.3 4.27 0.23 0.11 0.06 3.64 2.19 












































































































0.2 5.63 0.38 0.07 0.14 2.73 5.19 
0.3 6.92 0.39 0.07 0.11 3.49 5.65 
0.4 6.12 0.33 0.07 0.09 3.55 4.59 
0.5 9.58 0.22 0.02 0.47 0.47 9.53 
0.6 10.03 0.25 0.05 0.25 0.98 4.71 
0.7 5.80 0.41 0.08 0.11 3.73 5.47 
0.8 5.33 0.40 0.08 0.10 3.84 5.17 
0.9 6.16 0.34 0.07 0.12 2.84 4.88 
1 15.92 0.18 0.03 0.12 1.58 5.49 
1.1 5.99 0.32 0.07 0.10 3.18 4.72 
1.2 6.90 0.30 0.05 0.17 1.81 5.73 
1.3 5.58 0.35 0.07 0.13 2.73 5.20 
1.4 8.99 0.29 0.05 0.11 2.73 6.36 
1.5 6.63 0.36 0.07 0.11 3.28 5.04 
1.6 4.95 0.42 0.10 0.10 4.19 4.36 
1.8 21.38 0.18 0.14 0.14 1.25 1.30 
1.9 15.68 0.20 0.02 0.11 1.79 9.05 
2 15.30 0.20 0.04 0.11 1.83 5.73 
2.1 4.86 0.36 0.05 0.10 3.53 7.27 
2.2 7.60 0.30 0.06 0.12 2.44 5.06 
2.25 10.01 0.17 0.02 0.32 0.54 7.17 



























































































2.7 6.51 0.39 0.07 0.28 1.38 5.53 
2.8 6.83 0.40 0.05 0.14 2.77 7.61 
2.9 6.11 0.41 0.06 0.15 2.78 6.97 
3 5.16 0.46 0.06 0.12 3.81 7.82 
3.1 9.36 0.29 0.02 0.11 2.57 11.78 
3.45 4.79 0.55 0.08 0.09 5.93 7.36 
3.55 6.40 0.47 0.06 0.15 3.08 7.76 
3.7 4.51 0.58 0.08 0.12 4.80 7.19 
4.35 4.85 0.59 0.04 0.10 5.88 13.51 
4.6 5.51 0.49 0.04 0.11 4.55 11.96 









































































































Balakhany VIII sub-suite 
5913.08 9.25 0.18 0.00 0.17 1.06 41.31 
5914.4 10.39 0.14 0.00 0.12 1.15 44.55 
5915.18 8.40 0.23 0.00 0.09 2.65 48.93 
5916.5 8.78 0.53 0.03 0.17 3.13 19.86 
5922.09 11.91 0.25 0.02 0.12 2.04 10.38 
5922.25 6.95 0.32 0.03 0.10 3.14 10.61 
5922.25 20.11 0.15 0.02 0.07 2.08 9.87 
5923.18 7.98 0.33 0.02 0.09 3.64 13.90 
5923.22 7.42 0.28 0.03 0.13 2.24 9.91 
5923.25 4.52 0.30 0.05 0.07 4.22 5.72 
5923.28 6.12 0.25 0.03 0.17 1.44 8.76 
5923.33 7.49 0.39 0.02 0.10 4.07 16.70 
5923.37 8.93 0.46 0.03 0.08 5.89 18.56 
5924.04 13.22 0.32 0.15 0.10 3.08 2.07 
5924.11 8.92 0.27 0.03 0.08 3.23 9.65 
5924.22 10.16 0.32 0.03 0.09 3.41 10.30 
5924.47 3.81 0.40 0.07 0.08 4.74 5.53 
5924.59 4.48 0.30 0.06 0.13 2.35 5.17 
5925.24 5.19 0.29 0.03 0.08 3.60 8.79 



























































































5927.33 4.71 0.30 0.04 0.13 2.36 7.94 
5927.41 4.48 0.26 0.04 0.10 2.61 6.97 
5928.06 8.74 0.32 0.05 0.13 2.46 6.39 
5928.12 6.19 0.29 0.05 0.08 3.58 6.46 
5928.19 4.33 0.34 0.06 0.08 4.42 6.16 
5928.36 4.39 0.31 0.04 0.08 3.72 7.52 
5928.55 6.70 0.34 0.03 0.18 1.92 10.59 
5929.09 6.48 0.58 0.08 0.07 8.45 7.33 
5929.35 15.29 0.22 0.01 0.08 2.92 15.32 
5929.45 7.24 0.44 0.04 0.06 7.77 11.57 
5929.55 3.90 0.45 0.06 0.30 1.46 7.39 
5930.39 8.00 0.35 0.02 0.13 2.69 14.52 
5930.54 5.03 0.34 0.06 0.13 2.70 6.16 
5930.59 5.57 0.49 0.06 0.15 3.31 7.80 
5932.51 11.86 0.27 0.02 0.13 2.15 14.69 
5932.6 8.34 0.30 0.02 0.14 2.06 12.99 
5970.32 8.17 0.26 0.00 0.11 2.34 68.23 
5971.33 11.37 0.22 0.00 0.08 2.55 53.74 
5972.35 10.79 0.22 0.01 0.07 3.10 33.67 
5973.35 10.67 0.23 0.01 0.10 2.33 39.23 



























































































5975.35 9.95 0.31 0.02 0.09 3.33 12.37 
5976.35 11.27 0.20 0.01 0.09 2.15 34.94 
5977.45 18.14 0.27 0.02 0.09 3.07 13.50 
5978.68 16.11 0.27 0.01 0.09 2.88 20.70 
5979.57 11.12 0.26 0.01 0.05 5.03 44.82 
5980.65 12.10 0.23 0.01 0.06 3.79 23.50 
5981.66 11.70 0.21 0.01 0.06 3.36 32.94 
5982.67 9.98 0.16 0.00 0.06 2.69 61.54 
5983.67 13.26 0.19 0.01 0.07 2.78 14.15 
5986.65 11.06 0.33 0.02 0.22 1.46 14.57 
5987.68 18.96 0.25 0.01 0.14 1.73 23.24 
5988.65 7.99 0.13 0.01 0.19 0.70 26.11 
5989.65 8.08 0.37 0.01 0.23 1.61 34.89 
5990.63 9.19 0.22 0.01 0.07 2.89 16.89 
5991.67 8.14 0.22 0.01 0.16 1.38 16.61 
5992.61 8.75 0.39 0.02 0.37 1.06 24.76 
5993.64 9.37 0.23 0.01 0.09 2.60 26.02 
5994.63 9.60 0.22 0.01 0.10 2.27 18.07 
5996.15 10.71 0.31 0.04 0.08 3.98 7.80 
5996.38 8.67 0.43 0.06 0.10 4.31 7.76 



























































































5996.57 12.73 0.27 0.03 0.07 3.83 9.29 
5997.15 9.63 0.66 0.09 0.06 10.27 7.54 
5997.25 5.30 0.36 0.04 0.06 6.04 8.26 
5997.42 6.27 0.31 0.04 0.07 4.20 8.20 
Fasila Suite 
6382.31 5.46 0.34 0.03 0.08 4.43 10.44 
6382.36 3.72 0.29 0.05 0.08 3.59 5.90 
6382.42 1.43 0.38 0.06 0.08 4.49 6.43 
6382.47 6.28 0.50 0.05 0.09 5.80 9.38 
6383.52 5.80 0.38 0.02 0.09 4.41 16.34 
6384.12 15.08 0.20 0.02 0.07 3.03 10.86 
6384.18 4.04 0.39 0.04 0.07 5.44 10.26 
6384.25 7.21 0.27 0.02 0.25 1.07 16.95 
6385.35 8.63 0.19 0.01 0.13 1.47 18.17 
6386.12 2.48 0.33 0.08 0.12 2.77 4.31 
6386.41 7.52 0.30 0.03 0.17 1.72 11.57 
6386.44 8.83 0.30 0.03 0.08 3.61 10.13 
6386.46 2.63 0.22 0.07 0.06 3.64 3.16 
6386.52 2.53 0.25 0.06 0.24 1.06 3.98 



























































































6387.32 6.16 0.25 0.07 0.15 1.70 3.80 
6387.38 14.82 0.16 0.01 0.07 2.40 14.00 
6387.38 5.53 0.24 0.07 0.14 1.67 3.54 
6387.51 2.27 0.19 0.06 0.08 2.42 2.98 
6388.17 5.43 0.27 0.08 0.26 1.02 3.31 
6388.22 5.46 0.29 0.08 0.20 1.43 3.62 
6388.27 4.42 0.63 0.11 0.13 4.93 5.96 
6390.1 11.49 0.33 0.05 0.09 3.56 6.18 
6390.32 11.31 0.28 0.02 0.12 2.36 18.58 
6391.18 18.77 0.20 0.02 0.14 1.42 11.19 
6395.19 6.92 0.26 0.04 0.10 2.58 6.85 
6395.23 8.01 0.35 0.04 0.12 2.94 9.09 
6395.26 15.92 0.20 0.02 0.11 1.90 9.29 
6395.31 6.07 0.18 0.04 0.09 2.05 4.13 
6395.36 12.36 0.16 0.02 0.08 1.85 8.28 
6395.48 4.02 0.27 0.07 0.07 4.01 4.03 
6398.16 8.09 0.27 0.04 0.07 4.05 6.52 
6398.2 7.70 0.35 0.06 0.09 3.89 6.29 
6398.25 8.87 0.30 0.05 0.09 3.46 6.15 



























































































6398.42 11.64 0.36 0.04 0.11 3.21 9.59 
6401.21 7.64 0.33 0.06 0.07 4.76 5.22 
 
 
 
 
